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Permian Plants—Taeniopteris of the Permian

of Kansas.'

Contribution from the Paleontological Laboratory No. 58.

BY E. H. SELLARDS.

With Plates-I, II, III and IV.

The fern genus, Taeniopteris Brongniart, is well represented in

number of individuals, in the Kansas Permian Flora, on which the

author is working, and presents aside from the presence of at least

two species and one variety, some interesting features. The
rachises of several of the ferns bear elliptical scars, which, as I will

attempt to show, are very similar to, if not identical with the scars

on Macrotaeniopteris magnifolia (Rogers) Schimper from the Rich-

mond coal fields of Virginia, Jurassic, regarded by some authors

as scars marking the position of the sori of the genus. The second

character of especial interest is the presence between the veins of

small, oval resistent bodies, sporangia (?), fungi, or possibly

interneural glands. The plants described come from three miles

south and one-half miles east of Banner City, Dickinson county,

Kansas; a few also from the same horizon three miles south of

Carlton, Kansas. They were collected in part by Mr. Charles

Sterling of the University, and in part by the author. The forma-

tion is probably the Marion of Prosser. The plant horizon is

within a few feet vertically of the plant-bearing Cretaceous strata.

The photographs and drawings were made by the author, except

figure 7, plate i, made by Mr. Sidney Prentice.

1 Published by permissioa of tlie paleontologist of the University Geological Survey
of Kansas.

(1) KAN. UNIV. gUAR., VOL. X, NO. 1, JAN., 1901, SERIES A.



2 KANSAS UNIVERSITY QUARTERLY.

The author is very much indebted to Dr. David White, curator

of the Palaeozoic plant collections of the United States National

Museum, not only for the kindest advice and suggestions, but for

the favors of access to the collections in his charge, and assistance

in finding the plants of most interest in their relation to the Kansas

forms.

Systematic Description.

TAENiOPTERiS.
Brongniart. Prodrome, p. 6i, 1828

Taeniopteris coriacea Goep. Plate I, Figs. 6, 8-12; Plate II; Plate III,

Figs. I, 2; Plate IV, Figs, i, 3.

Taeyiiopte7-is coriacea Goeppert. Flora der Permischen Formation, p. 130,

Plate VIII, Fig. 4; Plate IX, Fig, 2, 1865-1866.

Fronds simple (?), linear or very narrowly elliptical, coriaceous

in texture, broadest in the middle, tapering to a symmetrical

lanceolate apex, and a petiolate base, 8 to 20 cm. long, average

width at the middle, 10 to 20 mm.; rachis strong at the base,

rough with rather strong, longitudinal striae, about 3 mm. wide,

reduced gradually in passing to the apex where it becomes a mere

line; fronds slightly rolled at the borders; lateral veins numerous,

strong, straight and parallel, cross the lamina obliquely, with a

slight but distinct upward curve at the border, 28 to 32 per centi-

meter; veins near the base of the frond leave the rachis with a

short curve, often forked once near their base; those at the middle

of the frond only slightly curved at their union with the rachis,

seldom forked; those near the apex' not at all curved at their base,

always simple, straight, or even arched upwards slightly in cross-

ing the lamina; oval bodies, sporangia (?) on several of the fronds,

situated between the veins, half immersed in the epidermis of the

frond, ^ to ^ mm. apart, six or seven between each two veins;

elliptical elevations, or corresponding depressions occur on or near

the rachis of several specimens.

The species is a common one, and is represented by many good

specimens. By reason of the thick resistant texture, the frond is

usually well preserved, and forms a natural line of cleavage in the

matrix, which often breaks so as to expose its entire length. The

individual specimens vary a good deal in size, but can usually

be readily recognized by their straight, oblique, strong nerves,

resistant texture, and lanceolate apex.

The agreement with Goeppert's types is not entirely complete,

but essentially so. Goeppert's figures do not show a rolled border,
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nor does lie mention such a character in his description; but this

character is not always evident, and possibly not always present.

I have considered the frond as probably simple, as there are no
indications of a pinnate character, and it has the same shape as

other Taenioptorids with supposedly simple fronds. The peculiari-

ties of venation noted in the above diagnosis—veins near the base

of the frond more curved at their union with the rachis, often

forked, while those at the apex are only slightly curved, seldom
forked,—are seen also in the figures of the European specimens.

The texture and shape of the fronds also agree. The fact that

the oval bodies between the veins have not been previously ob-

served may be due to the rarity of the species and the few speci-

mens heretofore obtained. The scars on or near the rachis,

whether the result of fungi or of insect stings may have been absent

on the European specimens.

The slightly thickened and rolled border of this species might
be taken to indicate the presence of a border vein—a supposition

to which the upward curve of the veins at the border adds strength.

But if such a character belongs to the species, it is not sufficiently

preserved on any of the specimens at hand to be recognizable.

Such a character, if it exists, would bring the species into compari-

son with the Mesozoic genus OIca)idridiiim, some species of which

it otherwise closely resembles.

The species seems to have been found as yet in only two other

localities, both Permian, Ottendorf in Bohemia, and Lissitz in

Moravia, both recorded b}' Goeppert, 1. c. The specimens known
of the species heretofore have all been somewhat fragmentary.

Taeniopteris coriacea var. linearis n. var. Plate III. Figs. 3, 4.

Fronds smaller, more narrowly linear, apex very acute, average

width 7 to 20 mm , average length about 14 cm., thinner in texture,

venation apparently thinner, and perhaps closer.
^

The difference between the extreme forms of this variety and the

specimens typical of the species is very great, and if there were

no intermediate forms would undoubtedly be considered of specific

value. But between the extremely narrow fronds such as figured

plate III, fig. 4, and those typical of the species, plate II, figs, i and

2, there are such continuous gradations that I am entirely unable

to draw any separating line. The venation of the smaller fronds

seem thinner, but becomes proportionally stronger with the size of

the frond. The apex, however, is decidedly more acute. The
species and variety occur at the same locality.
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Taeniopteris newberriana F. and I. C. W, Plate I, Figs, 1-5, 13, 7 (?),

Plate IV, Figs. 2, 4

Taeniopteris tiezvberriana Fontaine and I. C. White, Permian, or Upper

Carboniferous Flora of West Virginia and Southwest Pennsylvania, p. 91,

plate 34, figures 1-8, 1880.

Numerous specimens in the collection are so close to Taeniopteris

newberriana that their reference to that species, at least for the

present, seems advisable. There are numerous individuals, but

all more or less fragmentary. Owing to the thin texture of the

frond the line of cleverage in the matrix is not sufficiently marked

to expose it completely as in the last species. In this character of

a very thin frond our specimens differ very markedly from the types

of the species, which are described by the authors as rather thick

and coriaceous. The fact that the matrix is different in the two

cases, ours being preserved in limestone, while theirs were in

shale, may account in part for this, and possibly for other seeming

differences. The nerves are figured by the authors as leaving the

rachis at right angles, but in the description they sa}' that the

lateral nerves leave "the midrib at a right angle, or with a very

slight arch immediately at the insertion." In our specimens the

veins near the apex of the frond leave the midrib at right angle,

those near the middle with a slight arch immediately at the inser-

tion, and those near the base with a more decided arch at the

insertion. In the figures of the types the veins are represented as

coming out at right angles from the rachis throughout the entire

length of the frond, the base as well as the apex. No specimens

have been found in the Kansas formation with the peculiar seg-

mentation characterizing many of the Virginia specimens. These

two characters—difference in the origin of the veins, and absence

of the segmented frond, may prove to be specific differences

separating our species from Fontaine and White's. The present

reference is intended as suggestive rather than final. In other

respects Fontaine and White's description of the venation, "lateral

nerves very fine, closely placed and immersed in the parenchyma

of the frond," entirely agrees with our species, as does also their

description of the size and shape of the frond, "frond, simplej

elongate, narrowly eliptical, tapering slowly to the apex and base."

The largest frond of our specimens are 17 to 23 mm. wide, probabl)'

not less than 20 cm. long; the Virginia specimens are iT/j^ cm.

wide, and have an estimated length of 20 cm.

Fontaine and White compare the species to T. coriacea. It

differs from specimens of that species from the same locality, in a

larger and much thinner frond, finer and more numerous veins,
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more nearly at right angles to the rachis. The two species are

usually easily separated on these characters, but between the larger

fronds of T. coriacca and the smaller of T. newberriana as repre-

sented in the Kansas Permian, the dividing line is sometimes by

no means clear.

The species may be compared in venation to T. jejunata Grand'

Eury, but this latter species is described as having a pinnate

frond, of which the ultimate pinnae have a somewhat cordate base.

T. newberriana has a simple frond gradually reduced to a petiolate

base, as shown both by the Virginia and Kansas specimens.

Professor Potoni^, Die Flora des Rothliegenden von Thuringen,

p. 145, includes in the synonomy of T. jejunata, "Z". newberriana

Font, and White ex parte" and cites plate XXXIV, figures 9, 9a,

of the Permian Flora, but the figures referred to are not of

T. newberriana, but of T. lescuriana F. and I. C. W.
The horizon from which the types of F. newberriana were de-

scribed have been variously regarded as Permian and Permo-

Carboniferous. Professors Fontaine and White in their treatment

of the flora argue strongly for its Permian age.

Taeniopteris sp. Plate I, Fig. 14.

I figure here the apical part of a frond which is, probably, differ-

ent from either of the other species. The venation has much the

same character as that of T. coriacea, but the frond is evidently

much larger. On the other hand the veins are very much more

oblique than those of T. newberriana. The veins are thin and

close, and the dots between the veins small and numerous.

Interneural Bodies on the Fronds of Taeniopteris.

The interneural bodies referred to in the introduction occur on

some specimens of each species and variety of Taeniopteris in the

collection. They are small, oval, resistant bodies, situated be-

tween the veins, half immersed in the epidermis of the frond,

nearly globular in shape, some smooth on top, but more often

showing a slit across the top or side very suggestive of the slit for

the discharge of spores in many eusporangiate ferns. The slit,

apparently, has no regular position on the bodies; it is sometimes

across the top, sometimes on the side, sometimes parallel to the

direction of the veins, or again transverse to the veins. The
bodies, when removed from the epidermis leave a cup-shaped

cavity. In many of the cavities there is a cast of the slit, indicat-

ing that many of the bodies had the break turned down, and

doubtless many of those appearing smooth on top are slit below*
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Some of the sporangia(?), however, are certainly not slit in the

manner described. One specimen of T. ncwberriaua having many
of the bodies preserved, has none showing the slit, and when re-

moved and mounted they are seen to be round and entire. If we
accept the hypothesis that the bodies in question are sporangia,

the absence of the cleft in this specimen would naturally find its

explanation in the supposition that the sporangia are not yet

mature.

The size and number of the sporangia seem to be characters of

specific value. On the group of specimens which I have referred

to, T. coriacea, they are proportionally large, readily visible to the

eye, more distant and fewer than in the other species. The bodies

between the veins of T. newbcrriana (.?) are smaller—although the

frond is larger—closer together, and scarcely visible without the

aid of a lens.

When the matrix holding the specimen is opened some of the

bodies always adhere to one side and some to the other, so that

either side of the specimen shows some in place and casts of others.

Under a lens the bodies show distinctly. Examined under a high

power with reflected light the details seen with the lens come out

more definitely, the bodies appearing bright yellow in contrast with

the dark substance of the frond Figures 4 and 5, plate I, are

sporangia( ?) taken from a specimen of T. uewbcrriana (/) showing

slits, one across the top, the other across the side. Figures 10 and

II show two bodies taken from T. coriacea, and figure 12 a cast.

All enlarged thirty diameters.

The bodies may be readily removed from the frond and imbedded

and sectioned by grinding. On touching the epidermis with

moulding wax many of them adhere and may be transferred to the

desired media for sectioning. The author used for this purpose,

hardened balsam and sealing wax. Of the numerous sections made

none showed conclusive evidence of cellular structure—the one

remaining point necessary to prove that the bodies are sporangia.

Irregular markings resembling cell walls are often seen, but noth-

ing definite. Thin sections under a high power appear minutely

granular with redish-yellow granules. Chemical test shows the

presence of iron, and other appearances suggest iron oxide as their

probable composition.

Analogous appearances in other genera of plants—Nilssonia.

Some species of N^ilssonia Brong., a Mesozoic genus referred to

the cycads by some authors, to the ferns by others, have dots be-

tween the veins very suggestive of those of Taeniopicrls. The dots
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on Nilssonia polymorplia Schenk are described as small, situated at

approximately regular distances apart, between the veins. The
dots of this species have been variously regarded by different

authors. Schenk regarded them as the remains of sori and accord-

ingly referred the genus to the ferns. ' Saporta considered them

more like fungi and referred the genus again to the cycads.

-

Count Solms Laubach, P'ossil Botany, p. 140 (Balfours transla-

tion), in summing up the evidence considers Schenk's view more

probable than Saporta's, and therefore treats of the genus among
the ferns. Later authors have generally referred the genus to the

cycads. Another interesting point of analogy between those spec-

imens of JSilssonia polymorplia having unsegmented pinnae and the

Taeniopterids under consideration is the striking similarity in the

shape and venation of the apical part of the frond. In both the

midvein is reduced to a mere line, but continues to the apex, the

lateral veins are arched upwards, with numerous dots between

them.

Neuropteris.

A specimen of Neuropteris in the Lacoe collection of the United

States National Museum, which Dr. White had the kindness to

show me, has dots between the veins very suggestive of the oval

bodies between the veins of our specimens of Tacnioptcris. Dr.

White is inclined to regard these dots as glands. The species is

described in an unpublished manuscript of Lesquereux, which Dr.

White is now editing.

Alethopteris.

Andrews described in Vol. II, paj. Geol. Surv. of Ohio, p. 421,

pi. 50, figs. 3-3b, a species from near the base of the coal measures

of Ohio,^under the name Alethopteris maxima And., which has nu-

merous small dots between the veins-. Andrews regarded these as

probably dots of iron oxide. Lesquereux, Coal Flora, p. 187, re.

fers to them as "remants or the base of scales similar to those often

seen upon leaflets of species of Acrostiehiim.'''

Megalopteris

Dots occur between the veins of J/. Harttii And. and J/, dentata

in the museum collection, from Rushville, Ohio, ver}' like those

on Taeniopteris.

I Die fossilc Flora dor Urfiizscliiclitoii (Ins Kcupirs iiri<l Lias 1' ran kens, ISCiS.

i I'aleontoloj^ie fraiK'aiso, s(\r. :.', vcfiiMaux, vol. :.', ls7.").
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Other species of Taeniopteris.

Newberry figures the apex of a frond ^ with the following expla-

nation of the figure: ^^Taeniopteris •s>^.{l') in fruit; summit of frond,

Los Broncos, Sonora. " The formation is considered Triassic.

The specimen is not mentioned in the text. The figure is indis-

tinct, but the dots seem to be small, close, and placed much as in

our specimens, and are very probably the same.

Dots of the character of most of those mentioned above, whether

glandular or fungal, or the bases of scales, if sought for will prob-

ably be found on many other species and various genera. Re-

cently I have noticed very similar dots between the veins of an

Aieihopieris from Lansing, Kansas, probably A. serlii (Brong.

Goep.

If the dots between the veins of all these various genera are the

same as those on Taeniopteris the possibility of their being fructifi-

cation is practically excluded. It is scarcely possible for genera

differing so widely in form and geological position to have fructifi-

cation so very similar. Two cliaracters, however, are to be noted

on Taeniopteris not present on any of the others: the dots are in the

form of hard resistant bodies, which can be removed and sectioned,

which seems not to be the case in any of the other genera; sec-

ondly, the slit in the -bodies remains unexplained on any other

theory than that these are sporangia and the slit the line of cleav-

age for the discharge of spores; to which might be added a seeming

difference in the size and arrangement of the bodies on the differ-

ent species. It might be argued against such an hypothesis that

no genus of ferns is known in which the sporangia are placed be-

tween, and having no direct connection with the veins. In many
genera they are placed between the forks, or at the ends of the

veins, but always, so far as I have been able to learn, in direct

connection with this source of nourishment. Such an arrangement,

however, might not be impossible on a primitive fern. The soli-

tary and distantly separated sporangia(^?) are not peculiar to this

genus. Several fossil genera are known in which the sporangia

are often or regularly solitary; in the living genus Angiopteris the

sporangia are independent of each other.

With the incomplete evidence at hand, especially in the absence

of structual characters, no positive conclusion is possible, and the

question is best left open for the present. The appearance is cer-

tainly very suggestive of sporangia, and in this journal, January,

1 Exploring expedition from Santa Fe to the Junction of the Grand and Green rivers,
1850, Macomb. Geological report by Newberry, pi. 8, fig. 5.
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igoo, the author referred to them as apparently representing a new
type of fructification. Unfortunately the positive proof is still

lacking.

Scars on or near the Rachis of Taeniopteris.

Several specimens of this genus bear on or near the rachis,

elongate-elliptical scars, resembling very closely those of Macrotae-

niopteris magnifolia (Rogers) Schimper as described and figured b}'

Professor Fontaine in his Monograph on the Older Mesozoic Flora

of Virginia, p. i8, pi. 4, figs, i and la. Two scars are seen in

succession on the rachis of T. newberriana, pi. i, figs, i and la.

Professor Fontaine's description is taken from the depression, while

in this specimen the scars project. The counter impression in

wax seems to agree in every particular with his description of

"elliptical depressions surrounded by a raised line, which, sweep-

ing sharply around the ends of the depressions, continues double

until a divergence takes place to embrace the next depression."

Near the apex of the same specimen a third scar occurs on the

middle of the rachis. Another fragment of this species, figure 2,

plate IV, has two scars of the ordinary size on the midrib and a

third smaller one between these two and at the side on the lamina,

about one-half mm. from the midrib. The scars on T. coriacca are

very distinctly marked. Figure i, plate III, shows a string of

them on the rachis very suggestive of Fontaine's figure. Two
other specimens have a plainly marked row of scars on the rachis.

The scars have no regularity of size, distance apart, or position on

the rachis. In this respect they resemble Rogers' original descrip-

tion for those of Macrotae7iiopteris magnifolia in which he says that

the scars are placed at unequal intervals, and at rather varying

distances from the midrib, and not unfrequently on the midrib

itself.

A comparison of the scars born on the rachises of the two species

on which they occur has failed to bring out any constant differences

between them in arrangement, structure or position. They are of

various sizes, from very small, one-half mm. or less, to five mm.
long, about one mm. wide. The shape is seemingly constant,

elliptical with the longest axis parallel to the rachis. The depressed

space around the scar, "raised line" of Prof. Fontaine's descrip-

tion of the counter depression, is always present, sometimes com-

paratively broad and well marked.

Professors Rogers and Fontaine regarded the scars of Macro-

taeniopteris >nagnifolia as probably the bases of sori. But their
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presence on another genus, Taeniopieris, with additional evidence

of their irregularity of arrangement, size, distance apart, and their

position on the rachis—an unusual place for fern fructification—all

argue strongly against such a conclusion. But there is more satisfac-

tory evidence at hand that the scars can not have anything to do with

fructification. A specimen of Glenopteris splendens Sellards, from

the same locality, has an identical scar on the rachis, as noted in

the description of that species, Kans. Univ. Quart., Vol. IX, No.

3, p. 184.— A second scar occurs on the rachis of another specimen

of the same genus, the species scarcely determinable, but probably

the same. Glenopteris is a very different genus from Taeniopteris

and can hardly be thought of as having the same fructification.

The presence of the scar on three genera and several species

indicates that they are not the result of any accidental injury to

the plant. It is difficult to make out with any degree of certainty

what they are. They resemble some fungi rather closely.* The
possibility that they may be the result of pathological growth due

to the sting of an insect naturally suggests itself and, indeed, seems

very possible.

Figure 2, plate II, shows another set of markings, this time

entirely on the lamina. They are elongate, or ovate-elongate, with

the long axis parallel to the nerves, of varying size from very small

to 5 or 6 mm., close or distant, project sensibly from the frond,

usually with the carbonaceous layer rubbed off of the top. Some
of the smaller ones are uninjured, and seem to show an elevated

border with a depressed center. These scars are very suggestive

of the work of the fungi.

The scars have an added interest because of their resemblance

to scars on the type specimens of Taeniopteris newberriana from

West Virginia, which Professors Fontaine andl. C. White regard as

the basis of the sori. In the West Virginia specimens the scars are

placed in a single row along each side of the midrib, and the frond

is divided into segments by deep obtuse sinuses. Nothing of the

segmented character has been observed on our specimens, and the

large scars are more commonly on the midrib. These authors,

however, compare the scars to those on Macrotaeniopteris magnifolia

to which ours are very closely related. They say, Permian

Flora, p. 93, "Maerotaeniopteria rogersi Schimper of the Rich-

mond coal field, contains, on specimens in our possession,

elliptical depressions strikingly like the depressions seen on

this plant, and shown on plate XXXIV, figure 3. In the speci-

men from the Richmond coal the depressions are larger, and are
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placed in one row on the midrib. Professor Wm. B. Rogers,

however, in his description of the plant, saj'S that they often occur

in two rows, one on each side of the midrib." It cannot be

affirmed that the scars on our specimens are the same as those on

Fontaine and White's specimens, but it would seem from their

relations that they are at least of the same nature, and probably

have no connection with fructification.

Dr. David White has had the very great kindness to look over

the manuscript and illustrations of this genus, except figure la,

plate I, which has been added. Dr. White gives it as his opinion

that the rachial pits are fungi, and suggests a comparison with the

genus Rosellinites Pot.

The comparison to insect stings was sugested to me originally

by the close resemblance of the scars to the stings on the common
Amorpha fructicosa (false indigo), said to be made by some of the

orthopteroid insects, a supposition which the more recently dis-

covered presence, among the plants, of two well preserved orthop-

terous insects may be taken to strengthen. The scars on this

shrub are certainly similar in arrangement and shape to those on

the fern rachises, although somewhat larger. The resemblance

may of course be entirely superficial.

The suggested comparison with fungi is good, although I am
inclined to think the comparison closer with the genus Hysterites

than with Rosellinites. Quite recently I have found on a fragment

of Cordaites from University Hill, Lawrence shales, Lawrence, a

fungus related by its form, position, and the host on which it is

borne, to some species of Hysterites, as H. cordaites, and at the same

time so similar to the objects in hand as to suggest a close relation.

A close examination of the rachial pits reveals the presence on two

of them of elongate depressions at the center suggesting the cleft

in the living genus Hysteritwi—to which Hysterites is compared—or

the related Hysteriographium. This character is represented in the

detailed figure la, plate L If this figure had been made at the

time Dr. White saw the plate, I am inclined to think he would

have suggested Hysterites as well as Rosellinites, or possibly instead

of that genus. The type species oi Rosellinites, R. beyschlagii Foi.,

as described and figured by the author. Flora des Roth., p. 27,

plate I, figure 8, is irregular in shape, varying from circular to

elliptical or egg-shaped, running together in irregularly formed

masses; the scars on the fern rachises are symmetrically elliptical,

and do not show the various irregular enlargements seen on

Rosellinites beyschlagii.
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These scars merit a more careful and extensive comparison v^ith

living and fossil forms than I have been able to give them. Among
a few living fungi with which I have had the opportunity of making

comparison, Hyslertiographmm vulvatuin, kindly loaned me by

Professor Barber, may be mentioned as having conceptacles shaped

like the scars in question, with a central cleft that might be con-

sidered homologous with the depressed center of the scars. I have

not noticed anything in the living species that seems to represent

the depressed canal, "raised line," in Professor Fontaine's descrip-

tion.



On the Group of 216 Collineations in

the Plane.

BY H. B. NEWSON.

§1. Introduction.

The group of 216 collineations in the plane was discovered by C.

Jordan and treated by him in Crelle, Band^^, pp. 89-215; and dis-

cussed again by him in A//i dcUa Rcale Accademia di Napoli, Tome
8 (1879). This group has been further studied by Maschke in

Math. Amia/en, Band 33, pp. 324-330. This paper by Maschke is

the standard reference on the subject.

The object of the present paper is to study the geometric prop-

erties of the group and its sub-groups with respect to a pencil of

cubic curves through nine points of inflection; to determine the

types of collineations entering into the group; to determine the

order of each transformation and the position of the invariant tri-

angle in each case.

§2. The Pencil of Cubics, x^-^y^-^z^-j-emxj'zr^o.

The theory of the group of 216 collineations in the plane is so

intimately related to the theory of a pencil of cubics through nine

points of inflection, that a resume of certain properties of such a

pencil is a necessary preliminary to. the study of the group.

If m is a variable parameter, the equation,

x3_|_y3_j_23_[_6p^XyZ=0, (i)

represents cc^ cubics having nine points of intersection which are

points of inflection on all cubics of the pencil.

From any point P on a cubic C four tangents can be drawn to C
exclusive of the tangent at P. The cross-ratio of these tangents is

constant for all points on the curve and is different for different

curves of the pencil. This cross-ratio k is absolutely unaltered by

projection, and hence two cubics can not be linearly transformed

into each other unless they have the same absolute invariant k.

The value of k in terms of m is given by the equation

(13) KAN. UNIV. QUAR., VOL. X, NO. 1, JAN., 1001, SERIES A.
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:<^(k). (2)
[(k4-i)(k—2)(k—^)]2 (8m«+2om3— 1)3

For ail}' given value of k this is an equation of the twelfth degree

in m; hence there are twelve cubics in the pencil, all having the

same cross-ratio k. Given any cubic of the pencil it can be pro-

jected into itself and into only eleven other cubics of the pencil.

""Expanding equation (2) we have

C3)

64(1—<^)m' 2—64(3+ 5</,)m« + 192(1—2<^)m«—8(8—5<^)nv'^—(^^o.

The solution of this equation depends upon that of a quartic; its

roots may be written mi, ami, a^T^i, (i=ij 2, 3, 4) and a^^^i. Hence

our set of twelve is composed of four sub-divisions of three cubics

each.

For certain special values of k our system of twelve cubics re-

duces to a smaller number. Thus when k=

—

a or —a^ we have

m=o, i,a,a"; here the three cubics of each sub-division ha\'e coin-

cided and our twelve cubics have reduced to four. These four

cubics are called the cquianJiannouic cubics of the pencil. Their

equations are

(i") x^-|-y^+z2^=o,

(2) x^-[~y^+z3-|-6xyzr^o,

(3) x=^+y3+z3 4-6axyz=o, (4)

(4) x3-f~y^H"Z^+6a"xyz=o.

When k=— i, 2, \, the twelve values of m reduce to six; viz:

I ±13
m: i^'^y-^-')- ^^^^

These six cubics are called the iianiionic cubics of the pencil.

When k=i, o, (do, we have m=oo ,
—

\, —l^j —\o-^- These four

cubics are characterized by the common property that each of

them breaks up into three linear factors. Thus

(i) xyz3=o,

(2) x-'^-fy^+zS—3xyzE^(x+y-f z)(x+ay+aSz)(x+a«y+az)=:o,

(3) x3+y3^z3—3axyzEEE(ax+y+z)(x-fay+z)(x-fy+az)=o, (5)

(4) x^+y^-f-z^—3a"xyz^(a2x+y-(-z)(x-fa2y+z)(x-(-y-|-a2z)=o.

Each of these degenerate cubics consists of three straight lines

which form a triangle, one of them being the triangle of reference.

They are the inflectional triangles of the pencil of cubics.
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Between these four degenerate cubics and the four equianhar-

monic cubics there exists a very simple relation. Each eqiiianhar-

monic cubic is gotten by taking the sum of the cubes of the linear

factors of the corresponding degenerate cubic. Thus, for example,

we have

3rx3+y3+z:^+6xyz)EEi:(x+y+z)3-|-(x+ay+tt2z)3

-f(x+ a2y-|-ax)3. (6)

The coordinates of the nine points of inflection of the pencil of

cubics is best found by eliminating between x^-j-y^-j-^z^^o and

xyz=o. The}' are as follows:

(l) O, I, — i; (2) o. a, — i; (3) o, I, —a:

(4) —I, o, i; (5) —I, o, a: (6) —a, o, i; (7)

(7) i> — 1> o; (8) a, —I, o; (9) i, —a, o.

The harmonic polars of these nine points of inflection are given

by the following equations:

(i) y—z^o, (2) a2y—z^o, (3) ay—z=o,

(4) Z—X=0, (5) tt~'z—x=o, (6) az—x= o, (8)

(7) X—y=Oj (8) a^x—y=o, (9) ax—y=o.

Each of the inflectional triangles intersect the pencil of cubics in

the same nine points; hence the nine points of inflection lie three

by three on twelve right lines. Each harmonic polar passes

through a vertex of each of the four inflectional triangles; hence

the twelve vertices of the inflectional triangles lie four by four on

nine right lines.

The vertices of the four inflectional triangles may be designated

by Aj, Bi, Ci, (i=i, 2, 3, 4). The coordinates of these twelve

points are as follov^s:

I

I, o, o,

I

1. -\ O, I, o.

I, I, I,
I

a", I, I,
I

a, I, I,

I I

I, a-, a, 3. J I, a-, I, 4. ^ I, a, I, (9)

[ O, O, I. [ I, a, a-. I, I, a-. I, I, a,
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§3. The Group G216.

It is a well known fact* in the theory of plane cubics that every

non-singular cubic C can be projectively transformed into itself in

eighteen different ways and that these eighteen collineations form

a group Gjg which also transforms into itself every cubic of the

pencil C-|- 6kH=o. We shall investigate this group in detail in

the next section, but here we wish to make use of the generally

known fact.

It was shown in §2 that a cubic C is one of a set of twelve cubics

Ci (i= i .... 12) which can be projectively transformed into one

another. Since each cubic of the set may be transformed into

itself in eighteen different ways, we infer that each cubic of the set

may also be transformed into any other cubic of the set in eighteen

different ways. If this be true, there are 12.18 transformations

which leave invariant the set of twelve cubics. These 216 colli-

neations form a group Gg^^.

The configuration of four equianharmonic cubics, four degenerate

cubics and six harmonic cubics—shown in §2—is analogous to a

tetrahedron which has four vertices, four faces and six edges. Ac-

cordingly the structure of the group Ggjg is analogous to the

structure of the tetrahedron group G^g' which we assume as

known. To the identical substitution in Gjg corresponds the

group Gjg in Gg^g. To the four sub-groups G3 in Gjo, each

leaving a vertex and opposite face invariant, correspond four sub-

groups G^^ in Ggig, each leaving invariant a degenerate and an

equianharmonic cubic. To the three sub-groups G^ in Gj,, each

leaving invariant a pair of opposite edges, correspond three sub-

groups Ggg in Gg^g, each leaving invariant a pair of conjugate

harmonic cubics. To the invariant sub-group Gj in Gjg corres-

ponds an invariant sub-group G,, ^" ^sie-
We shall now take up the study of these sub-groups of G^, g and

examine into their structure and determine the properties of the

individual transformations found in them. We shall determine in

particular the order and the invariant triangle of each transforma-

tion occurring in Ggig-

§4. The Group Gis.

The harmonic polar 1 of a point of inflection I is characterized

by the following property: Every line through I cuts the cubic. C
in two other points P and Q and 1 in L. The cross-ratio of

*Cleb3ch, Vorlesungen uebcr Geonietrie, I, S. 51:2.
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(ILPR)=— I. If, therefore, we set up a perspective transforma-

tion of order 2 having I for its vertex and 1 for its axis, it will

transform C into itself.

Take the point of inflection (o, i, — i) and its harmonic polar

y—z=o; choose any two points on this line as (o, i, i) and (i, i, 1).

The single cross-ratio of this transformation is k=^— i. The equa-

tions of the transformation may be written down by means of the

following formulas:*

p\,

y z o

B C A

B, C, kA,

B3 Co k'A,

X

py-.

y

B

B

B.

o

B

kBj

k'B,

pz.

y z

ABC
A, B, Cj kC,

A„ B„ C, k'C,

(10)

Substituting in these formulas the above values of A. B, etc., and

making both k and k' equal to — i, these reduce to

Xj=X,

yi=z.

Zi==y-

(lO

There are nine transformations, one for each point of inflection;

they may all be written down by means of the same general for-

mula. Three of them will be real and six imaginary. If we make

any one of these nine substitutions in the equation of the pencil of

cubics, we find that every cubic of the pencil is transformed into

itself.

Again, let us take a transformation whose invariant triangle is

the triangle of reference and whose cross-ratios are k and k'.

Writing down the equations of this transformation by means of

formulas (10) we find -I yj=r:ky Making this substitution in the

( Zi=k'z.

equation of the pencil of cubics we get

x3-j-k3y3^k'Sz3+6mkk'xyz:=ro.

*K. U. Quarterly, vol. viii, pp. 45-66. 1 have recently found that tliese formulas were
previously given in nearly tlie same form by Prof. Gabriele Torrelli in the Rciuiiconti
di Circolo Matematico di Palermo, Tome viii, pp. 41-54.
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Every cubic of the pencil will be transformed into itself when
k^= i, k'3:=;.i, and kk'=i. These relations are satisfied by k—

a

and k':=a^ or by kr=a- and k'=-a. Thus we have two transfor-

mations
Xj=X Xj=X
yj=ay and yi^a^y (12)

Zj=a^Z Z^=aZ

of this kind which transform every cubic of the pencil into itself.

These are a pair of inverse transformations and each of period 3.

In like manner it ma)' be shown that each of the other inflec-

tional triangles is the invariant triangle of a pair of transformations

of period 3, such that they transform every cubic of the pencil into

itself. In this way we find eight transformations of this variety.

The equations of these eight transformations may be written down
by means of formulas (10), making use of the values given in (g).

These equations are as follows, numbered according to the tri-

angles:

jxj=x, X t y, z iy, z (y, z

I. ^ yi=:ay, a2y; 2.
-<^

Z, x; 3. -^ aZ, a^x; 4. -^ a^z, aX . (13)

(z,=tt^Z, az ( X, y ( a^X, ay ( aX, a^y

These eight transformations, together wuth the nine perspective

transformations given above, and the identical transformation con-

stitute a group Gjg, every transformation in which transforms

every cubic of the pencil into itself. The fact that these eighteen

transformations form a group may be verified by applying the test

of forming all possible resultants. There are no other transforma-

tions possessing this property.

It is evident from the character of the transformations contained

in Gjg that the group contains four cyclic sub-groups of order 3

and nine cyclic sub-groups of order 2. G^^ also contains a sub-

group Gy of order 6 and one Gg of order 9. These are given as

follows:

Xj=x, X, z. y, y, z,

G6^^^yi=y, z, y, X, z, x,=:^G3+3G2. (14)

Z|=z, y, X, z, X, y,

All transformations of this group are real; one is of order i, three

of order 2 and two of order 3. The group Gg is as follows:

Xj=x, X, X, y, z, y, z, y, z,

GgZ:zyi=y, "^y> "'3'' ^' ^> °-^' u'^x, a"z, ax.^^4G3.

Zj=Z, u-Z, aZ, X, y, a-X, ay, aX, a"y,
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This group contains one transformation of order i and eight of

order 3.

Theorc//i i.—Every transformation of the group G^j, transforms

into itself every cubic of the pencil C-f 6mH=o, where H is the

Hessian of C; Gj,, contains (i) one transformation of order i, (2)

nine transformations of order 2, (3) eight transformations of order

3. These are as follows:

(i). The identical transformation.

(2), Each of the nine points of inflection and its corresponding

harmonic polar are the vertex and axis respectively of a perspective

transformation of order 2.

(3). Each of the four inflectional triangles is the invariant tri-

angle of a pair of inverse transformations of type I and order 3.

§5. The Group G54 (1).

As remarked above, the group Gg^g contains four sub-groups

Gj^Ci), (i=i, 2, 3, 4), one for each equianharmonic cubic. We
begin with the most simple one, which has for invariant figure the

triangle of reference xyz=o and the cubic x^-(-y^-)-z^=o. This

group Gg^ contains, of course, the eighteen transformations of

Gjg and hence thirty-six other transformations which we must

investigate.

Since x^-|-y^-|-z3 is an invariant of our group it is evident that

the group contains all transformations of the form of those con-

tained in G,g, where x, y, and z are interchanged in all possible

ways and combined with the coefficients a, a^, a^, in all possible

ways which give rise to different transformations. We can readily

write down a table of all such transformations, and we find that it

contains just fifty-four transformations and no more. These, then,

constitute the group Gj^. The table is as follows, in which the

number placed above each formula indicates the order of the

transformation:
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x,=x,
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We observe that the eighteen transformations given in the first

three columns of the table form the group Gjg discussed above.

We shall find that of the thirty-six remaining transformations

eighteen are of order 3 and eighteen of order 6; we shall further

find that there are two distinct varieties of these transformations of

order 3.

We first consider the last six transformations of the first row of

the table. Take first the transformation -I yjr=y; it evidently

leaves invariant each side of the triangle of reference. It may also

be Vv^ritten in the form J ay, from which we see that the cross-ratios

( az

along the sides y and z are each equal to a and that along x is

unity. The transformation is, therefore, of type IV, the axis of

invariant points being x=o; and the single invariant point or vertex

being the point (i, o, o), the opposite vertex of the invariant tri-

angle. This transformation is evidently of order 3; its inverse is

i ax

also its square viz: -' y. In like manner it is seen thatthe two inverse

j
x, (x

transformations -' a'y, -< ay, are also of type IV and of order 3,

( z, ( z
.

the axis being y:=o and the vertex being the opposite vertex of the

triangle of reference. A similar results holds also for the pair

(
X,

(
x

J y,
J y. We have thus found six perspective transforma-

( a^Z, ( aZ

tions, each of order 3; these are easily identified with the last six

transformations of the first row of the table.

We next consider the fourth transformation of the second row of

(a^x
the table, viz: -I z. Calling it T we have,

(y

a*X, aX, X, a^X, aX, X,

T :=z, T«=.y, T3=z, T*=y, T5::^z, T6^y,= i. (15)

y z y z y z

The transformation T is therefore of order 6; T^ and T* are of

order 3 and T^ is of order 2. T'^, T^, T* have been studied above

and their characteristics are already known.

T and its inverse T^ are now to be investigated. The invariant
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triangle of T is found by putting Xj, yj, and z^ equal to x, y, and

z respectively. We thus find that the sides of the invariant tri-

angle are x^o, y—z=o, and y-|-z=:0. Solving these equations we
find the vertices of the invariant triangle to be A=(o, i,— i),

B= (i,o,o), C=(o, i,i). Thus one vertex, A, of the invariant tri-

angle is a point of inflection and the opposite side is its harmonic

polar. One vertex of the inflectional triangle, xyz=o, lies on this

harmonic polar, viz: (i,o,o); the opposite side, x=o, completes

the invariant triangle. The position of the invariant triangle is

thus completely determined.

The cross-ratios along the sides AB, BC, CA of the invariant

triangle are respectively —a*, a, — i. This may be verified by

writing down the cross-ratios of the first six powers of T, assuming

T to be given by —a 2, a, —I.
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( x,=a*x
Hence we have px^^=-—2u2x, pyi=—2z, /3Z,=— 2y; or Jy^^=z.

We have seen how the two transformations T and T^ are related

to the point of inflection A. In like manner there are two trans-

formations of order 6 related in the same way to each of the nine

points of inflection. We have thus eighteen transformations of

order 6. Their equations may readily be found from their known

invariant triangles by means of formulas (10). These eighteen

transformations are all given in rows 2, 3, and 4, of the table.

There still remain to be investigated the twelve transformations

found in the last six places in rows 5 and 6. Take, for example,

(Xi=a2y
-/yj=z and denote it by S. Taking the powers of S we find

(z,:=x

a*y, a^Z, Z, a^X

S= z, 52= x, or ax, S^=a2y=i, S and S^ are thus of

x, a^y, y, u^z

order 3. We proceed to find the vertices of the invariant triangle

x=:a2y
of S by solving the equations y=z. We find the coordinates of

z=x
the invariant points to be A=(i,\8,X*), B==(I,A^A^), C=^(i,\2,A),

where X is an irreducible 9th root of unity. Since i-f-X'^ -f A.3=o,

it follows that these points all lie on the cubic x^-fy^+^^^o. It

may easily be verified that the tangent to this cubic A cuts the

cubic again at B; the tangent at B cuts again at C; and the tangent

at C cuts the cubic again at A. Hence the cubic is both inscribed

and circumscribed to the triangle ABC.
In order to determine the number of such triangles both inscrib-

ing and circumscribing the cubic, x^-j-y^-f z3=o, we write down

the tangent at the point x', y', z'; viz: xx'^-fvy'^-j-zz'^r^o. If this

passes through the point x", y", z", we have x"\'" -\-y"y'^ -\-z"z'' =0;

and similar results for the other points. Thus we have six equa-

tions, viz:

x"x'2+y"y'^+z"z'"^=^o» x'3+y'3 -f z'3=o,

x"'x"2+y"'y"2+z"'z"2=o, x"3-^y"3+z"3:=o. (17)

x'x"'2-fy'y"'2+z'z"'2=o, x"'3-f-y"'3-f z'"3=o,

from which to determine the coordinates of the invariant points.

These equations have eighteen solutions; hence there are six such

triangles. The coordinates of these eighteen points are as follows:
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i I, A\ A*

-I I, X5, x-'

{
r, A", X

{
I, A. A«

- I. AS A5

I. A', A"

I, AS A*

. I, AS A^

(
I, AS A

I I, A, X^

S
I, AS A8

I I, AS A5

Each of these triangles is the invariant triangle of two transfor-

mations of order 3. Thus we have twelve transformations of this

variety. The equations of these twelve transformations may be

written down by means of formulas (10). We give one example:

P^

X y z o

I X A8 I

I A' A5 a

I A-' A8 aS

PYv

X
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The invariants of this group are the cubic and triangle (2) of

equations (4) and (5) as follows:

(2) x3-]-y3-(-z3+6xyz=:o
and (18)

(2) (x+y+z)(x+ay-fa3z)(x+ a2y4-aZ)z=0.

The triangle and cubic (i) are transformed into triangle and cubic

(2) by the transformation.

Xi=z+y-fz
T=Eyi=x+ay-|-a2x (19)

Zj=X-(-a2y-(-aZ.

Hence the group Gg^ (i) is transformed into Gg^ (2) by means of

the transformation T. Thus we have TS^T'^Sg, where Sg is a

transformation of G-^ (2). By this operation the invariant points

of the individual transformations in Gj^ (i) are transformed into

those of Gj^ (2). We shall now verify this for a few cases.

The eighteen transformations of Gjg are contained in Gg^ (2)

and hence we expect that the operations symbolized by TG^g T'^

will give us again G,^. The transformation S= -< z leaves invari-

(y
ant the point of inflection (0,1,— i) and its harmonic polar y—z=o.

The coordinates (0,1,— i) substituted in T give again (0,1,— i).

From the form of T we have y

—

z=(a—a'^){y—z). The operation

TS^T-i gives Sj as may easily be verified.

Again take the transformation S= -< ay whose invariant triangle

(a^z

(1,0,0 (y
is } 0,1.0. The operation TS,T-i gives S' -l z; and the above co-

(0,0,1 (x

(
^'^'^

ordinates substituted in T gives -! i,a,a3 as the invariant triangle

( I,a^,a

of the new transformation. This is as it should be (see equation

9). In this way it may be verified in detail.that Gjg is an invari'

ant sub-group of Gg^ (i;.

The perspective transformation J y, leaving invariant a vertex

(z

and opposite side of triangle (i), is transformed by T into a new

perspective transformation, leaving invariant a vertex and opposite
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side of triangle (2). The vertex (1,0,0) and opposite side x:^o of

triangle (i) are transformed by T into (1,1,1) and x-f-5^+zr=o,

vertex and opposite side of triangle (2). Transforming this per-

spective transformation by T we get

/jxi=ax4-y+z

TST-i^/5yj=x+ay+z (20)

pZi=x+y-|-ax,

which is likewise a perspective transformation of order 3.

We next take the transformation designated by T in §5, viz:

(a«x
< z. Call it Sg for convenience. Its invariant triangle was found

(y
ro,i,—

I

jo,i,—

I

to be -< 1,0,0. Substituting these values in T we get ! 1,1,1 as

(0,1,1 (2,1,-1

the vertices of the invariant triangle of the transformation TSgT~^-

Performing the operation indicated by TSgT"^ we get

/3Xj=ax+y+z,

TS6T-i=/,yi=x+y+az, (21)

. . . pz^=x-fay+z,

which is accordingly the transformation in Gj^ (2) corresponding

to Sg in G54 (i). It is easy to verify that TSgT-i is of order 6

(0,1,—

I

and that its invariant triangle is / 1,1,1. It should be remarked

( 2,-1— 1

that the point (0,1,— i) is a point of inflection, (1,1,1) the vertex

of the triangle (2) which lies on the polar of (0,1,— i), and

(a,— I,— i) is the intersection of the harmonic polar and the side

of triangle (2) opposite (1,1,1). (See the discussion of the trans-

formation Sg in §5.) In a similar manner the equations of the

other seventeen transformations of order 6 in Gg^ (2) may be writ-

ten down and their invariant triangles determined.

We come finally to the consideration of the twelve transforma-

tions in Gg^ (2), corresponding to those in Gg^ (i) whose invariant

triangles are both inscribed and circumscribed to the cubic (i).

Take, for example, the transformation S3= ^ z, the coordinates of

- (x
"

(
IA^A*

whose invariant points are ! i,X*,X''. (See §5.) The transforma-

tion TS3T-* is found to be
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pxj=z+ay-fz,

TST-i^py,=a2x+a3y+ z, (22)

pZ
J
=a2x-(-ay-|-aZ.

The coordinates of the vertices of the invariant triangle of TS3T-'

are found by substituting in T the coordinates of those of S3. We
thus find

J i+X5+\^ I4A8+AS I+X2-I-A ,

( I+X2-I-A , iH-A«+X\ i+X»+AS

as the vertices of the invariant triangle of TS3T"^. This triangle

is both inscribed and circumscribed to the cubic (2). There are

six such triangles and their vertices may be found in a manner

similar to the above. The equations of the tvv^elve transformations

corresponding to these triangles may be obtained by transforming

the twelve corresponding transformations in Gg^ (0 ^Y means of T.

This completes the discussion of the group Gg^ (2). The groups

Gg^ (3) 3.nd G54 (4) may be treated in a similar manner. The in-

variant triangle xyz^o of Gg^ (i) is transformed into the invariant

triangle of Gg^ (3) by the transformation

/)XjZ=ax-j-y4-z,

T,^pyi==x+ay+z, (23)

pzi=x+y+az,

and into the invariant triangle of Gg^ (4) by the transformation

pXi=a2x+ y+z,

T2^py,=x-{-a3y-f-z, (24)

pZi=x+ y+a2z.

Hence, if we change T into Tj in the above discussion, all of the

results thus obtained hold true for the group Gg^ (3); replacing T
by Tg we get the corresponding results for Gg^ (4). These four

groups Gg^(i) (i=i, 2, 3, 4) contain 4.36-f 18=162 different transfor-

mations.

Theorem 2.—Every transformation of the group G3g(i) (1=1,2,3,4)

transforms into itself the inflectional triangle i and its correspond-

ing equianharmonic cubic. G3g(i) contains . (i) the eighteen

transformations of G, g, (2) six of type IV and order 3, (3) twelve

of type I and order 3, eighteen of type I and order 6.

(2). Each vertex and opposite side of the inflectional triangle i
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are the vertex and axis respectively of a pair of inverse perspective

transformations of order 3.

(3). Each of the six triangles both inscribed and circumscribed

to the equianharmonic cubic i is the invariant triangle of a pair of

inverse transformations of type I and order 3.

(4). Each of the nine triangles, k, (k;=i . . 9), described below,

is the invariant triangle of a pair of inverse transformations of type

I and order 6. A point of inflection k and its corresponding har-

monic polar form one vertex and the opposite side of the invariant

triangle; that vertex of the inflectional triangle i which is on this

harmonic polar and that side of the triangle i which passes through

the point of inflection k complete the invariant triangle.

§7. The Group G36 (1).

It was pointed out in §2 that the group Ggig contains three

equivalent sub-groups G3 g(j) (j=i,2,3), one corresponding to each

pair of harmonic cubics in the pencil C-|-6kH=o. We first take

up the group Ggg (i), which leaves invariant the pair of cubics

— I ±1/3 .

given by m== — in the pencil x^-f-y^z^-f-bmxyz^o.

We learned in §6 that the transformation

pXir^x+y-j-'z,

T^py^^z+ay+a^z,
pZj^x-fa^y-faz,

transforms the cubic x^-\-y^-\-z^=o into x^-fy'+2^+6xyz=o. If

we make the substitution T in cubic (2) we find that it is trans-

formed into (i); thus T interchanges the two equianharmonic

cubics (i) and (2). It may also be verified that T interchanges

the equianharmonic cubics (3) and (4). If, however, we make the

substitution T in the pair of harmonic cubics

x^+y^+z3-f6mxyzrz::o, (m—~^~^ ^
) (25)

we find that both of these cubics remain invariant. Thus T is a

transformation belonging to the group GjgQ), since it leaves invari-

ant a pair of harmonic cubics.

Since T interchanges the equianharmonic cubics (i) and (2), T'

must leave both of them invariant; hence T^ is a transformation of

the group G^^. We readily find T^=-/ z. We found in §4 that

(y
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the transformation / z is a perspective transformation of order 2;

(y
hence T is of order 4. T^ is the inverse of T and is given by

T3~py,=x+a2y+z, (26)

pZj=x-\-ay-\-a^z.

The vertex of the perspective transformation T- is the point of

inflection A=(o, I,— i), and its axis is the harmonic polar of A,

viz: y—zz=o. Hence the other two invariant points B and C of T
are on the line y—z=o. To find B and C we proceed as follows:

Assume the coordinates of B to be (i,a,a); these satisfy y—z=o.
Substitute these assumed coordinates of B in T and we must get

again (i,a,a). Substituting we have

pX^=:l-\-2SL

py,= i+aa+aa2; (27)

pz^=l-f aa^-j-aa

whence —;

; s^=a; solving for a we find a= ~^
. Since

we have found two values of a, it follows that we have the coordi-

nates of both B and C. The invariant triangle of T is therefore

b. I, —

I

ji
^ + 13. — i + l 3

given by ^
' 2 2

" We may check the correctness

^— 1 3. "i-l 3
I.

2

of this result by using these values in formulas (10) along with

k=i and k'=—i. We deduce thereby the transformation T.

The invariant points B and C are somehow related to the har-

monic cubics of equation (25). We readily find that the point B
is on the cubic

azEEx-^ f 3'M zH-6( ^ - ^);

and C is on the cubic

b^^===x3^y^+z3^ 6^ ilLKJ\xyz=o.

The SIX points in which the line y—z=:o cuts the tjwo cybics a and
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b are in involution, and the invariant points B and C, one on each

cubic, constitute the double points of the involution. The other

two points on each cubic form pairs of points in the involution.

The transformation T^ evidently has the same invariant triangle

as T.

We have now seen how the two transformations T and T^ of

order 4 are related to the point of inflection A and the pair of har-

monic cubics a and b. It may be shown in the same way that

there are two transformations of order 4 related in the same manner

to each of the nine points of inflection and the cubics a and b.

The invariant triangle having one vertex at any given point of in-

flection may easily be found and the corresponding transformations

written down by means of formulas (to). In this way we see that

there are eighteen transformations of order 4, each of which leaves

invariant the pair of harmonic cubics a and b. These eighteen

transformations, together with G,g, constitute the group G35

which we set out to investigate.

§8. The Groups Gm (2) and Gs, (3)

The three groups G3g(j) (j^i,2,3) are eqivalent sub-groups of

Gg,g and hence are similar in structure. Knowing the structure

of Gjg (i) we infer at once the structure of the other two groups.

Take the group whose invariants are the pair of harmonic cubics

c^x'-j-y'-f-z^+dal |xyzr=ro,

d^x^+y»-fz=^-f6a^
~^~^^^

jxyz^o.

and

The eighteen transformations of order 4 are distributed so that two

of them correspond to each point of inflection. The invariant tri-

angle of such a pair of transformations consists of a point of inflec-

tion A and the pair of double points in the involution which the

harmonic polar of A cuts from the two cubics c and d.

We shall here follow out one example. Take the point of inflec-

tion A=(o, I,— i); its harmonic polar is y—z=o. The double

points of the involution cut from the cubics c and d by y—z=o are

found to be B= i, a^
^'^"^

^
], J ^

;^

' ^-^ and
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B is on the curve d and C on c. By means of formulas (10) we
find the corresponding inverse pair of transformations to be

pXjr^a^x+ y-l-z faSx-fy-j-Z

pyj=ax4-y+az and j ax-fay+z
(^28)

pZ,r=aX+ay-j-Z
[ aX+y+ ciZ.

All other transformations of order 4 in this group may be obtained

in the same way.

The group Ggg (2) may also be obtained from Ggg (i) by trans-

forming the latter by some transformation that changes the har-

( ax

monic cubics a and b into c and d. ^^-^ Y is such a transforma-

tion. By substituting the coordinates of the vertices of the invariant

triangles of Ggg (i.) in S we obtain those of Gg^ (2). The opera-

tion STS"' applied to the transformations of Gjg (i) give those of

G38 (2).

The group G3g (3) may be obtained in the same way from

^3 6 (O by using the transformation-/ y with the transformations

( z

of Gjg (i); a detailed discussion is not necessary.

Theoretn j.—Every transformation of the group GggCj) (3=1,2,3)

leaves invariant a pair of harmonic cubics j; G3g(j) contains the

eighteen transformations of G^^ and also eighteen others of type I

and order 4. Each of the nine triangles formed by the point of

inflection k and the double points of the involution which, the har-

monic polar of k cuts from the pair of harmonic cubics j is the

invariant triangle of a pair of inverse transformations of type I and

order 4.

§9. The Group G72.

The three groups G3g(j) (j=i,2,3) contains in all fifty-four trans-

formations of order 4. These, together with the eighteen of the

group Gjg, constitute the group G,g. This group G,g contains

therefore no new transformations; accordingly we shall not con-

sider this group at length. These fifty-four transformations of

order 4, added to the 162 determined above and found in the four

groups Gg 4 (i) (i=i,2,3,4), give the 216 transformations of Gjig-
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§10. Conclusion.

The transformations contained in the group Gjig may be divided

into three classes as follows: (i) the eighteen transformations be-

longing to the Group G,g; (2) the 144 transformation in the four

groups G5^(i) and not belonging to Gjgj (3) the fifty-four trans-

formations in G^g not belonging to G,g.

The cubics of the pencil C-f6kH=o are distributed into sets of

twelve each, such that each set of twelve cubics is an invariant of

the group Gg^^. Each set of twelve is divided into four sub-sets

of three cubics each; thus: m^, amj, a^mj, (i=T,2,3,4) where the

m's are the roots of equation (3).

The effect of a transformation of the first class is to transform

every cubic of the pencil C-f6kH=o into itself. The effect of a

transformation of the second class is to cyclically interchange the

three cubics of one sub-set in each set of twelve and to cyclically

interchange the other three sub-sets. As a special case of this one

of the equianharmonic cubics is invariant and the other three are

cyclically interchanged; also one of the inflectional triangles is

invariant and the other three is cyclically interchanged. The three

pairs of harmonic cubics are cyclically interchanged by a trans-

formation of this class. A transformation of the third class inter-

changes by twos the four equianharmonic cubics and also inter-

changes by twos the four inflectional triangles. It leaves invariant

one pair of harmonic cubics and interchanges the other two pairs.

Since the Hessian of a cubic is a covariant of the cubic, every

transformation that leaves a cubic invariant must leave its Hessian

also invariant. Thus every transformation of the first class leaves

both cubic and Hessian invariant. The Hessian of an equianhar-

monic cubic is its corresponding inflectional triangle. These are

invariant together under a transformation of the second class.

The Hessian of a harmonic cubic is the other harmonic cubic of

the same pair; these are invariant together under a transformation

of the third class.





PLATE I.

Fig. I. Taenopteris newberriana{/). Natural size. No. 5000.

Univ. of Kans.

Fig. I a. Scars, fungi ( ?). On the rachis of T. nnvberrianaij^.

Times 3. No. 5000.

Fig. 2. Venation of T. newberriana{.^ ). Times 2. No. 5001.

Fig. 3. Sporangia, like bodies between the veins of same.

Times 2. No. 5003.

Fig. 4. One of the bodies showing slit on the side. Enlarged.

Times 30.

Fig. 5. Another with slit across the top. Times 30.

Fig. 6. Bodies between the veins of T. coriacea. Times 2.

Taken from specimen Fig. 3, Plate IV.

Fig. 7. T. newberrianai^??) Natural size. No. 5006.

Fig. 8. Venation of T. coriacea near the base of the frond.

Times 2.

Fig. 9. Venation of the same species near the apex. Times 2.

Fig. 10. Sporangium (?) of T. coriacea. Times 30. From Fig.

3, Plate IV.

Fig. II. Same, showing slit across the top. Times 30.

Fig. 12. Cavit}' from which the sporangium (?) has been re-

moved. Times 30.

Fig. 13. Venation of T. newberrianai^?) near the apex. Times

2. From Fig. i, Plate I.

Fig. 14. T. sp. Natural size. No. 5008.
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RLATE II.

Fig. I. Taeniopteris coriacea. Natural size. No. 5022.

Fig. 2. Same species, showing fungi like scars on the lamina.

Natural size. No. 5023.
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PLATE III,

Fig. I. T. coriacea with scars, fungi (?) on the rachis. No.

5002.

Fig. 2. Same species, apex of the front. No. 5024.

Fig. 3. T, coriacea van linearis var. n. No. 5004.

Fig. 4. Same. No. 5005.

All natural size.
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PLATE IV.

Fig. I. Taenioptaris coriacea. A small frond, slightly reduced.

No. 5025.

Fig. 2. T. newberriana{?). Fragment showing two scars on

the rachis and a smaller one in the edge on the lamina. No. 5009.

Fig. 3. Fragment of a small frond of T. coriacea, with oval

bodies between the veins and casts of the same. No. 5026.

Fig. 4. T. newberriana{?) near the base of the frond. No.

5010. Figures 2, 3, and 4, natural size.
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ON THE GEOUP AND SUBGEOUPS OF EEAL COLLINEA-
TIONS LEAVING A TETEAHEDEON INVAEIANT.

BY H. B. NEWSON.

The real collineations in space which have the same invariant

tretrahedron are mostly of type I ;* the exceptions will be noted later.

There are three cases to be considered : ( 1 ) The tetrahedron is real

in all of its parts
; ( 2 ) the tretrahedron has two real and two conjugate

imaginary vertices, two real and two conjugate imaginary faces, two

real and two pairs of conjugate imaginary edges
; ( 3 ) all the vertices

and faces are imaginary in conjugate pairs, while two of the edges

are real. These three cases must be treated separately.

§ 1. The Group with Real Invariant Tetrahedron and its

One-parameter Subgroups.

The Group hGi {A BCD).—LetT be a collineation of type I, leav-

ing invariant a real tetrahedron (ABCD). T is fully determined by
the positions of the four points A, B, C, D, and three constant cross-

ratios k, k', k". Starting from the vertex A we take for k, k', k" the

cross-ratios along the lines AB, AC, and AD, respectively. The
quantities k, k' and k" are independent of one another, and vary inde-

pendently, thus giving us oc^ different collineations, all leaving the

four points A, B, C, D, separately invariant. These collineations or

projective transformations form a three-parameter group hG:) (ABCD),
the parameters being k, k', k".

Theorem 1. The aggregate of all collineations of type I having

the same invariant tetrahedron forms a three-parameter group hGa
(ABCD).

One-parameter subgroups of hGi {ABCD).—We now proceed to

show that the group hGs (ABCD) contains co'^ one-parameter sub-

groups. Let us assume among the three parameters, k, k,' k," two

* For the types of collineations in space, see Kan. Univ. Quart., Series A, vol. IX, pp. 58-67.
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relations, viz., k'=k^"' and k"=k^'''+'^*, and consider only those trans-

formations which satisfy these assumed relations. These two rela-

tions are arrived at in the following manner : The cross-ratio along

AB is taken to be k, and that along BC to be k'"^ ; hence that along

CA is k'^\ or in the direction AC, it is k^ ^ The cross-ratio along

BC is now k'"^; let that along CD be (k"0'* or k''^; then that along

DB must be k'^'% in order that the product of the three cross-ratios

taken in the same order round the triangle should be unity. Since

the cross-ratio along AB is k, and that along BD is k"^"'"^, that along

DA must equal k'~'^*+^; hence that along AD is k^"'^+'^*,whence k"=k^''^+'^*.

The three cross-ratios around the triangle ACD are, respectively, k^"',

k'^*, and k""'*"^; their product is evidently unity. We now have the

following useful table of these cross ratios

:

Along AB : k.

" BC : k-.

" CD : k^^

" DB : k'-''.

" AC :
ki-

" AD :
kl-^+^^

Suppose that k be allowed to vary while r and s remain constant

;

these restrictions select from the three-parameter group hGra (ABCD)
a system of ooHransformations which forms a one-parameter subgroup.

To show this, take from the group hGs (ABCD) two transformations

T and Ti, which have the same values of r and s but different values of

k. The one-dimensional transformations along the edges of the in-

variant tetrahedron in the above order and directions are as follows

:

T : k, k '•, k-, k-^ k^-'-, ki-'-+-;

Ti : ki, kf, ki-, ki'--, ki^--, k/-+-.

Their resultant T> is given by

Ti : ki, kr, hr, k/-\ k-i^-'-, W''-+'-%

where ki=kki. Thus the resultant Ti is a transformation having the

same values for r and s as T and Tr, thus the group jjroperty is estab-

lished, and the parameter of the group is k. .The law of combination

of the parameter k in the one-j)arameter group is expressed by ki^kki.

There is a one-parameter group in hGs (ABCD) for each real

value of r and s, and thus we see that the three-parameter group

liGs (ABCD) contains oc- one-parameter subgroups. The properties

of one of these one-parameter subgroups are readily inferred from the

analogous cases of hyperbolic one-parameter groups in one and two

dimensions.

Theorem 2. The three-parameter group hGs (ABCD) contains
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Gc- one-parameter subgroups. For each of these groups r and s hate

fixed vahies while k is the variable parameter.

Invariant curves and surfaces of hG\ {^ABCD)v%.—The one-

parameter group hGi (ABCD),s leaves invariant, besides the tetra-

hedron ( ABCD), a system of path curves which are usually curves

of double curvature and certain systems of surfaces on which are sit-

uated the invariant curves. In order to show this more clearly let us

consider the effect on a single point P anywhere in space of all the

transformations of the group Gi. Each transformation of the group
transforms the point P to some other point P,n. Since the cc^ trans-

formations in the group form a continuous system, there are cc^ of

these points Pm which form a continuous curve, viz., the path curve

of the point P.

If we consider in this way the effect of the transformations of the

group on all the points of any arbitrary plane, we see that each point

of the plane traces a curve. Thus there are cc"^ of these path curves

invariant under all the transformations of Gi. Since our group con-

tains all the pseudo-transformations, corresponding to the values

k^O and k=Go, it follows that our path curves all pass through two
vertices of the invariant tetrahedron, but not through the other two.

If a surface S be made to pass through oc^ of these path curves in

such a way that every point on each of these oci path curves lies on
S and also so that every point on S belongs to one of these path

curves, then such a surface is an invariant surface of the group Gi.

We can best determine these invariant surfaces by resorting to ana-

lytic methods.

Equations of invariant surfaces of hG\ {ABCD)v^.—Let the in-

variant tetrahedron (ABCD) be the tetrahedron of reference and
let T be a transformation of the group Gi which transforms a point

P whose coordinates are (x, y, z, w) to Pi whose coordinates are

xi, yi, zi, wi. Pass planes through CDP and CDPi; let these cut
AB in Q and Qi. Then we have the cross-ratio ( ABQQi)=:k ; hence

B^ : B^'=k. Using proportional quantities, we have

t^v-k. (1)

In like manner we have the equations

i7^i-= k- (2)

f:--T=^"' (3)

17:^= 1^™ ii)

?::f=k'-', (5)

?f^T=t'-"-'. (6)
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Suppose that Pi is a fixed point and P a movable point depending

upon the jDarameter k. Eliminating k from equations (1) and (3),

we get

^=^^=Const.W" Z Wl"^" Zl

Clearing of fractions, we have

x"-^ y=Cw'^^ z. (I)

For different values of C this equation represents a system of invari-

ant surfaces through the path curves of the group.

In like manner eliminating k from equations (2) and (6) we get

y.-rs-l ^r^Q^r-rs-l ^r.
( JJ )

Also from ( 4 ) and ( 5 ) we get

x'-i y'-'•s=Cz'-lw"^ ( III

)

It should be noted in each of these cases we have eliminated k from

the values of the cross-ratios along ojiposite edges of the tetrahedron.

If we eliminate k from the cross-ratios along edges which lie in a

plane face of the tetrahedron, we obtain the equation of the plane

path curves which lie in that face. The systems of cones whose ver-

tices are the vertices of the invariant tetrahedron and whose bases are

the plane path curves of the opposite faces are also invariant surfaces

of the group Gi. Eliminating k from ( 2 ) and ( 3 ), we have

y^-iz= Cx«, (IV)

which is the equation of the system of invariant cones whose vertices

are at A.

In like manner eliminating k from equations (3) and (6), (1) and

(4), (1) and (2), we get

^r-l
y

1-1-4 r.^Cw--*, (V)

^v-rs-1 z= Ow'-'"*, (VI)

x^-ly= Cw^ (VII)

which are the equations of the invariant cones whose vertices are re-

spectively B, C, and D.

We have thus found seven systems of invariant surfaces of the

group Gi ; three of these systems are ruled surfaces which pass through

four edges of the invariant tetrahedron, and four of them are cones

which have their vertices at the vertices of the invariant tetrahedron.

The intersections of any two of these systems of surfaces give us the

path curves of the group Gi.

Theorem 3. There are seven distinct families of ruled surfaces

invariant under all the transformations of the group liGi (ABCD)r3;

four of these families are families of cones. The oc"^ curves of inter-
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section of these invariant surfaces are the invariant path curves of

the group Gi.

The geometric meaning of r and s.— It is not difficult to determine

the geometric meaning of the two constants r and s. Any tangent to a

path curve in the plane ABC cuts the side of the triangle ABC in

three points which form with the point of contact a range of four

points whose cross-ratio is constant and equal to r. Any tangent to

a path curve in space cuts the three planes DAB, DAC, DBC in

three points which form with the point of contact a range of constant

cross-ratio r. For if path curves and tangent be projected from D
on the plane ABC we get the path curves and tangent in the plane

ABC with the usual meaning of r.

In like manner s is seen to be the cross-ratio of the point of con-

tact of a tangent to a path curve and the three points where the

tangent cuts the three planes ABC, ABD, ACD. In general, a

tangent to any path curve in space cuts the faces of the invariant

tetrahedron (ABCD) in four points; these with the point of contact

of the tangent form a set of five points on a line ; r and s are two in-

dependent cross-ratios of these five points. All other cross-ratios

among these five points may be expressed in terms of r and s. Since

these five points are all real, r and s must both be real.

Theorem 4. The constants r and s are two independent cross-

ratios among the range of five points in which a tangent to a path

curve cuts the tetrahedron (ABCD) and its point of contact.

§2. Two-parameter Subgroups of hGs (ABCD).

Having shown that the group hGg (ABCD) contains oc"^ one-para-

meter subgroups, it will be shown next that these one-parameter sub-

groups unite in certain instances to form two-parameter subgroups of

liGg (ABCD). It will be found that a two-parameter subgroui3 of

this kind is characterized by the fact that it leaves invariant one and

only one family of surfaces on which lie the path curves of its one-

parameter subgroups.

Two-parameter groups leaving invar'iant a family of cones.—
If r remains constant while s assumes in turn all real values, we have

a system of oc^ one-parameter groups, all of which leave invariant the

system of cones given by equation (VII) ; for the equation of this

family of cones is independent of s. The other six systems of sur-

faces given by equations (I)-(VI) vary ass varies, and are not in-

variant under all the cc"^ transformations which leave the cones of

(VII) unchanged. This system of oc'^ transformations leaving a

family of cones invariant evidently forms a two-parameter group,

the parameters being k and s. There is one such group for every

value of r.
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In like manner, if s is constant and r a variable, we get a two-para-

raeter group, leaving invariant the family of cones given by equation

(IV). Again, if r and s vary in such a manner that r-rs remains a

constant, we get a two-parameter group which leaves invariant the

family of cones given by equation ( VI ). Also, if r and s vary so that

^ is constant, we get another two-parameter group whose invariant

family of cones is given by equation (V). We see in this way that

the group hG'^ (ABCD) contains four singly infinite systems of two-

parameter groups, each of which is characterized by an invariant

family of cones.

Tico-parameter groups leaving invariant a family of ruled

surfaces.— If we let r and s vary simultaneously so that their prod-

uct, rs, remains a constant, we get thereby a system of oc^ one-para-

meter subgroups of hGs (ABCD), all of which leave invariant the

family of surfaces given by equation (I). The oc- transformations

contained in this system of one-parameter groups, since they have a

common invariant, viz., equation (I), form a two-parameter group.

There is a two-jaarameter group for each value of the constant rs.

In like manner we see that if 1-s-l/r is a constant, there results a

two-parameter group leaving invariant the family of surfaces given

by equation (II). Also if
——- remains constant, the resulting sys-

tem of cc- transformations forms a two-parameter group whose invari-

ant family of surfaces is given by equation ( III ). Thus we see that

the group hGs ( ABCD ) contains three singly infinite systems of two-

parameter groups, each of which is characterized by an invariant fam-

ily of ruled surfaces.

Theorem 5. The group hGs (ABCD) contains four singly in-

finite systems of two-parameter subgroups, each of which leaves

invariant a family of cones ; and three singly infinite systems of two-

parameter subgroups, each of which leaves invariant a family of ruled

surfaces.

§3. Some Properties of the One-parameter Subgroups

OF hGs (ABCD).

Transformations in hG-i {ABCD) with negative values ofk, k',

k".—The group liGg (ABCD) contains cc^ transformations depend-

ing upon three variable parameters k, k', k", which assume in turn all

real values, both positive and negative. Our next problem is to deter-

mine whether all the transformations in hGs ( ABCD ) are to be found

in these oc'^ one-parameter subgroups, and what transformations, if any,

are common to two or more of these subgroups.

In order to solve these problems we resort to a simple geometrical

device where k, k' and k" are taken to be the rectangular coordinates of
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a point in space. It is evident, since these parameters are independ-

ent, that there is a point in space corresponding to every transforma-

tion of the group hGs (ABCD). All transformations whose

parameters satisfy the relations

k'=k^-'- and k"=ki-'"+''^

form a one-parameter subgroup of hGs (ABCD). Hence the curve

of intersection of the two cylinders whose equations are y=x^"^ and

z=:x^''+'^'* represents a one-parameter group hGi ( ABCD ) is and the in-

dividual points on the curve represent the individual transformations

of the group. If we give to r and s all real values we have a system

of Gc^ curves which represents the system of cc- one-parameter sub-

groups of liGs (ABCD).
An examination of the equations y=x^''" and z=x^''+''^ shows that

one branch of the curve lies in the first octant for all values of r and

s; and if r is an irrational number, the curve lies wholly in the first

octant. If r and s are both rational, r with odd numerator and odd

denominator, s with even numerator and odd denominator, the curve

lies in the first and second octants. If r and s are both rational, r with

even numerator and odd denominator, s with odd numerator and even

denominator, the curve lies in the first and third octants. If r is ra-

tional with odd numerator and even denominator while s is irrational

or rational with odd numerator and odd denominator, the curve lies in

the first and fourth octants. If r is rational with odd numerator and

s rational with odd numerator and even denominator, the curve lies in

the first and fifth octants. If r and s are both rational, each with odd

numerator and odd denominator, the curve lies in the first and sixth

octants. If r and s are both rational, r with even numerator and odd

denominator, s with odd denominator, the curve lies in the first and

seventh octants. If r and s are both rational, r with odd numerator

and even denominator, s with even numerator and odd denominator,

the curve lies in the first and eighth octants.

The curves of the family, y=x^"'" and z=x^''+'% contain every point

in the first octant, but not every point in the other seven octants.

Consequently the group hGs ( ABCD ) contains transformations which

are not included in any of its one-parameter subgroups. Such a

transformation has one or more of its cross-ratio parameters negative

and such that their values do not satisfy algebraic equations of the

form k'"=k""', k""=k', where 1, m and n are integers.

Transformations commo7i to two or more one-parameter suhgroups

of hGi {ABCD).— In order to find all points common to any two

curves of the family representing the system of one-parameter sub-

groups of hG;j (ABCD), we solve the simultaneous system of equations

V= X^'^ Z= X^"''+ '"; Vr=:x'"'', Z= X^"''+''''.
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We observe that the points (0, 0, 0), ( cc, oc, oo ), and (1, 1, 1) be-

long to every curve of the family ; hence every one-parameter sub-

group of liGa (ABCD) contains the identical transformation (1, 1, 1

)

and the two pseudo-transformations (0, 0, 0) and (go, go, go).

From the above equations we have x'^'"''=l, and x'''''+'''^"'''*'=l or
^rs-rv__]^_ Since X is real, it can have only the values ±1 ; substituting

these values of x in y=x^"'' and z=x^"'+'"-, we see that the real values of

y and z are limited to the numbers ±1. Hence, the only points com-
mon to two curves of the family in addition to those mentioned above

are (1,1,-1), (1,-1,1), (-1,1,1), (1,-1,-1), (-1,1,-1), (-1,-1,1),

(-1,-1,-1). The point (-1,1,1) is common to every curve of the

family which lies partly in the second octant. The corresponding

transformation is an involutoric perspective transformation of type

VI, having its vertex at B and the plane ADC for its axial plane.

The transformations corresponding to the points (1, 1, -1), (1, -1, 1),

(-1,-1,-1) are also involutoric perspective transformations of type

VI, with vertices at D, C, and A, respectively, and whose axial planes

are the opposite faces of the tetrahedron (ABCD).
The transformations corresponding to the points (1, -1, -1), (-1, 1,

-1), and (-1,-1,1) are involutoric skew perspective transformations

of type X, whose skew axes are respectively the edges of AD and

CD, AC and BD, AD and BC of the invariant tetrahedron (ABCD).
Each of these transformations belongs to every one-parameter sub-

group of liGs (ABCD) whose representative curve lies partly in the

eighth, sixth and third octants, respectively.

Theorem 6. The go'--' one-parameter subgroups of hGa (ABCD) do

not include all the transformations in liGs (ABCD) ; a transformation

not belonging to a one-parameter subgroup has one or more of its

cross-ratio parameters negative. Every subgroup hGi (ABCD)i-3 for

which r and s are rational contains one involutoric j^erspective trans-

formation either of type VI or X.

§4. Subgroups of Types VI, VIII and X in hGg (ABCD).

Suhgrovps of type VIII in hGi {ABCD).—The constants r and s

may have such values that all the one-dimensional transformations

along the same edge are identical transformations. This may occur

in six different ways, since there are six edges of the tetrahedron.

If r=-l while s remains finite, we have an identical transformation

along AC. If r=0 while rs remains finite, we have an identical

transformation along BC. If r= go, we see that the transformation

along AB is identical. If s=l and r is finite, we have an identical

transformation along BD. If s=0 while r remains finite, the trans-

formation along CD is identical. If rs=r— 1, the transformation

along AD is identical.
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la the case that a transformation of type I degenerates to type

VIII, one of the families of invariant surfaces degenerates into a

family of planes intersecting in one edge of the tetrahedron ; this edge

is opposite the edge which is the line of invariant points. All trans-

formations of type VIII in hGg (ABCD) leaving the same edge in-

variant form a two-parameter group. The path curves of the sub-

groups of these two-parameter groups are always plane curves.

Theorem 7. The group liGs (ABCD) contains six two-parameter

subgroups of type VIII; these are given when r=^l, 0, cc; and

S= l, 0, !^.

Suhgroups of type VI in hO-i {ABCD).—For certain values of r

and s a transformation of type I reduces to type VI. In such a case

all points in one of the invariant planes of type I are invariant points,

and all lines through the opposite vertex of (ABCD) are invariant

lines.

Let r= and let s have any finite value; then the transformations

along BC, CD and DB are all identical ; hence the two-dimensional

transformation in the face BCD is identical. At the same time the

cross-ratios along AB, AC and AD are all equal to k. Such a trans-

formation is evidently of type VI. Let r= l and s= 0; then the two-

dimensional transformation in the face ACD is identical, and the

one-dimensional transformations along BA, BC and BD are all equal.

Again, let r= go and s= 1 ; then the two-dimensional transformation in

the face ABD is identical, and the one-dimensional transformations

along CA, CB and CD are all equal. Finally, let r=Go and s==go;

then every point in the face ABC is an invariant point and the one-

dimensional transformations along DA, DB and DC are all equal.

It is evident in each of the above cases that the invariant surfaces

are all planes or cones and the path curves are all straight lines.

Theorem 8. The group hGs (ABCD) contains four one-parameter

subgroups of type VI ; these are given by the following sets of values

of rands: (0, s), (1,0), ( cc , 1), ( qd, oo).

Suhgroups of type X in hGi{ABCD).—For certain values of r

and s a transformation of type I reduces to one of type X. From the

nature of type X it is evident that it must occur as a special case of

type VIII, when the two one-dimensional transformations along op-

posite edges of (ABCD) are identical transformations.

Let r= l and 8= 1; then the one-dimensional transformations

along AC and BD are both identical transformations, and thus every

point on each of these edges is an invariant point. The cross-ratios

along AB, AD, CB and CD are all equal. The invariant families of

surfaces I-VII reduce for r=l and s= l to the following:

xy= Czw, xw= Cyz, x= Cz, and y= Cw.
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The path curves are evidently straight lines and constitute the con-

gruence of lines joining every point on AC to every point on BD.
Again, let r=ao and 8=0 with the condition that rs= 0; then

the transformations along AB and CD are both identical, while those

along AC, AD, BC and BD are all equal. The invariant surfaces

and path curves are analogous to those above. In like manner, if we
make r^O and s=oo, and r8=— 1, we get identical transformations

along BC and AD ; the cross-ratios along AB, AC, DB and DC are

all equal, the invariant surfaces are pencils of quadrics and pencils of

planes, the path curves are all straight lines.

Theorem 9. The group hGs (ABCD) contains three one-parameter

groups of type X ; these are given by the following sets of values of

r and s : (1, 1), ( go, 0), (0, oo, rs=— 1.)

§5. Some Special Subgroups of hG3(ABCD).

Subgroups tvith invariant quadric cones.— For certain values of r

and s the invariant cones whose equations are (IV) -(VII) are cones

of the second order. One of these families of cones will be of the

second order when the plane path curves in one the faces of the tet-

rahedron are conies.

Equation ( IV) represents a family of quadric cones for three values

of s, viz., s==— 1, 2, \\ equation (V) represents quadric cones when

^=—1, 2, \\ equation (VI) represents quadric cones when r— rs=^

— 1, 2, \ ; equation (VII ) represents quadric cones when r^— 1, 2, h.

Consider the case when r^ — 1 ; s may assume oc^ different values,

and hence there are cr? one-parameter groujDS which leave invariant

the same family of quadric cones. These form a two-parameter group.

The vertex of the cones of the family are at D, and the lines DA and

DB are elements common to all the cones of the family. Thus we see

that there are twelve two-parameter subgroups of hGa (ABCD) which

leave invariant a family of quadric cones.

Theorem 10. The group liGg (ABCD) contains twelve two-para-

meter subgroups each of which leaves invariant a family of quadric

cones ; these are given by the values of r and s as follows : r^— 1, 2, |

;

s= -l, 2,\- r-rs= -l, 2, | ;
^=-1' 2,

i

Subgroups with invariant quadric surfaces.—We now seek the

most general conditions under which the invariant surfaces of a one-

parameter subgroup of liGs (ABCD) shall be a family of quadric sur-

faces. One or more of the three families of surfaces whose equations

are (I), (II), (III) will reduce to quadrics for certain values of r and

s. The surfaces given by (I) are quadrics when rs=±:l; equation

(II) gives quadrics when r— rs— l= ±;r; equation (III) yields quad-
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Tics when r— l= ziz(r— rs). The condition r— rs— 1 -= zb r reduces

to rs=— 1 and rs:=2r— 1 ; the condition r— l= ±(r—^rs) reduces

to r8i=l and rs=2r— 1. Hence we have only three relations beween r

and s for which at least one family of invariant surfaces are quadrics.

Putting rs= l in (I), (II), (HI), we get, after reduction,

(I),xy=:Czw; (II), y'-%=Cx'-^z; (III), xy= Czw.

Thus the first and third families of surfaces reduce to the same

family of quadrics.

Putting rs=—l in (I), (II), (III), we have

(I),xz= Cyz; (II), xz= Cyw
;
{III), x^-y+'^Cz'-'w'+K

Here we see that (I) and (II) give the same system of quadrics.

Putting rs=2r— 1 in (I), (II), (III), we get

(I),x--iy= Czw-^'-i; (II), xw=Cyz; (III), xw=-Cyz.

From these three cases we see that, if one of our families of in-

variant surfaces are quadrics, another is also, and these two families of

quadrics coincide.

The invariant tetrahedron (ABCD) is the common self-polar tetra-

hedron of these families of quadrics. All quadrics of the system

xy=Czw pass through the edges AC, CD, AB, and BD; the edges

AD and BC are reciprocal polars of all quadrics of the family. Simi-

lar properties hold for the other two families xz=Cyw and xw= Cyz.

Each of these systems of quadrics remains invariant under gc-

transformations which form a two-parameter subgroup of liGs (ABCD).

Theorem 11. There are three two-parameter subgroups of liGs

(ABCD) each of which leaves invariant a family of quadric surfaces

;

these are given by rs= l, rs=— 1, rs=2r—1.

Subgroups lohose path curves are all conies.—We now proceed

to investigate the one-parameter subgroups of liGs (ABCD) whose

path curves are all conies. Since conies are plane curves, such a

one-i^arameter group must be of type VIII. We find in §4 that

there are six two-parameter subgroups of type VIII in liGs (ABCD)
;

hence, a one-parameter subgroup of hGs (ABCD) w^hose path curves

are all conies must be a one-parameter subgroup of one of these

groups of type VIII.

To obtain one of these two-parameter subgroups of type VIII let

s^=l. The line DB is a line of invariant points, and all planes

through the opposite edge AC are invariant planes. The j)alh curves

are all alike in these invariant planes, and hence it is sufficient to ex-

amine them in one of these planes, as ABC. The path curves in the

plane ABC are conies for three different values of r, viz., r=— 1, 2, \.
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For r=— 1, 2, and | the conies have double contact at A and C, B
and C, and A and B, respectively.

The case where r=— 1 is essentially different from the other two

cases where r=2 and r=|. In the first case the conies in all the

planes through AC have double contact at A and C ; in the second

case the conies in all these planes have only one point in common, C
when r=2 and A when r=^. The invariant surfaces in the two cases

are very different and worthy of attention. Let 8= 1 and r^— 1 in

equations (I), (II), (III) ; we thus get

(I), xz=Cyw; (II), xz= Cyw, (III), x=Cz.

In this case we have a family of invariant quadrics. Again, let

8= 1 and r=2 in the same equations, and we have

(I),x2y= Cw-^z; (II), xw2=Cyz-^-, (III), x= Cz.

Let s= l and r=|, and we get

(I),xy^=Cwz^; (II), x%= Cy^z; (III), x=Cz.

In both these latter cases the invariant surfaces are ruled surfaces

of the third order.

Instead of taking the edge BD for the line of invariant points any

other one of the six edges may be made the line of invariant points

;

hence there are six such cases as the above to be considered.

Theorem 12. There are eighteen one-parameter subgroups of hGs

( ABCD ) for which the path curves are conies ; six of these groups

leave invariant a family of quadrics and twelve of them leave invari-

ant families of cubic surfaces. The first six are given by the follow-

ing values of r and s: (—1, 1), (1/2, 0), (2, 1/2), (1, —1), (0, oo, rs

=^—1), ( oc, 2). The remaining twelve result from the following val-

uesofrand s: (2, 1), (1/2, 1), (2, 0), (-1, 2), (1 2, -1), (1, 2), (1,

l/2),(0, 00, rs=2), (0, 00, r8=l/2), ( ex, -1), ( ex, 1/2), (-1, 2).

Subgroups whose path cn7'ves are hoisted cuhics.— If we give to r

and s such values that two of the families of invariant cones (IV)

. . . (VII) are quadric cones so situated that all the cones of both

families have one edge of the tetrahedron ( ABCD ) in common, the

path curves of the resulting one-parameter groups will be twisted cu-

bics ; for the intersection of two quadric cones having one element in

common is a twisted cubic passing through the vertices of the two

cones and having the common element for a secant line.

For example, let r==—lands=—1 ; equations (IV) and (VII) re-

duce respectively to

xz=Cy''^ and yw=Cx^.
The first eqviation represents a family of quadric cones having dou-

ble contact along AB and AD ; the second represents a family of cones
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having double contact along DC and DA. Since every cone of each

family has the line AD in common, their curves of intersection are a

system of go- twisted cubics passing through A and D. For these

values of r and s the invariant systems of surfaces given by (1), (II),

(III) become

(I),xy= Czw; (II), x=^z=Cy%; (III), xy= Czw.

Thus we see that the cubic path curves also appear as the intersec-

tion of a family of quadrics with a family of quartics.

Again, let us put r^^l 2 and s= 2; equations (IV) and (VII) re-

duce respectively to

yz= Cx- and xw= Cy^.

These two families of quadric cones have also the element AD in

common. Equations (I), (II), (III) become for these values of r

and s

(I),xy= Czw; (II), x^w^Cy^^z; (III), xy= Czw.

The path curves are again twisted cubics through A and D and lie

on the family of quadrics xy=Czw ; but they now appear as the inter-

section of this family of quadrics with another family of quartics.

In like manner it can be shown that the path curves are twisted

cubics for ten other pairs of values of r and s, as follows: r=3, s=
1/3; r= 3/2, s=l/3; common chord BC : r=—2, s= l/2; r=—1/2,

8=2; common chord AC: r= 2, s=3/2; r=—1, s=3; common
chord CD: r=2, s=—1/2; r=l/2, s=—2; common chord BD

:

r=l/3, s=—1; r=2/3, s=l/2; common chord AB,

Theorem 13.— There are twelve one-parameter subgroups of hGa
(ABCD) for which the path curves are twisted cubics; these are

given by the following values of r and s .• (r;=— 158= —1 ), (r=l/2,

s=2),(r=3,s=l/3),(r=3/2,s=l/3),(r=—2,s=l/2),(r=— ]/2,

s=2), (r=2,s=3/2), (r=-l, s=3), (r=2, s= -1/2), (r=l/2,

s= -2), (r=l/3, s= -1), (r=2/3, 8=1/2).

§6. The Groups eGa (ABCD) and eeGs (ABCD) and their

Subgroups.

We shall now consider briefly the two cases where the invariant

tetrahedron (ABCD) is not real in all of its parts. The first, called the

single elliptic case, is w^here the tetrahedron has two real and two

conjugate imaginary vertices ; the second, called the double elliptic

case, is where the tetrahedron has two pairs of conjugate imaginary

vertices. These three-parameter groups are designated bj' eGa

(ABCD) and eeGa (ABCD), respectively.

The group eG-s {ABCD) and its subgroups.— Let B and C be a

pair of conjugate imaginary vertices of the tetrahedron (ABCD).
The cross-ratios k and k' along the conjugate imaginary lines AB and
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AC are conjvigate imaginary quantities ; also those along DC and DB
are conjugate imaginary quantities. The cross-ratio k" along AD is

real, and that along BC is of the form exp. ni 6. As in the hyperbolic

case, we may put k'^k^"'' and k"=k^"'^+''^; r and s are usually both

complex quantities. It can be shown without difficulty that the con-

dition that the collineation shall be real requires that r shall be of

exp. 2iii'

the form 1 -f exp. 2i c^, and s of the form '

.
, ,

• In the com-
exp. 2n/'+ 1

plex plane the locus of r is the unit circle about the unit point, and

the locus of s is the line x=l/2.

The cross-ratios along the six edges of the tetrahedron may be

written

:

AB : exp. (tan <^ + i) 6,

BC : exp.— 2i 6,

CD : exp. (tan ^^i) ^,

DB : exp. (— tan i/'+i) 6,

AC : exp. (tan <^-f i) ^,

AD : exp. (tan <^ + tan \j/) 0.

In these expressions 6 is the variable and assumes in turn all real

values from — oc to -f ^- Since k is real, both positive and negative,

while the value of exp. (tan ^ +tan i/') 6 is only positive, it follows that

half of the transformations in eGs (ABCD)are not contained in its

one- and two-parameter subgroups, viz., those for which k is negative.

The group eGs (ABCD) contains two real subgroups of type VI,

the vertices being A and D; it also contains two real subgroups of

type VIII, one hyberbolic and the other elliptic, whose axes of invariant

points are, resj)ectively, BC and AD ; it also contains one subgroup

of type X, which is common to the two subgroups of type VIII.

The group eGs (ABCD) has only two real two-parameter sub-

groups leaving invariant a family of quadric cones. These two fami-

lies of cones do not have an element in common ; hence there are no

real subgroups leaving invariant a family of cubic path curves. When
<P and </' are supplementary, one of the families of invariant surfaces

consist of quadrics. These statements may be easily verified by the

reader.

The group eeG?, {ABCD).—Let AD and BC be taken as the two

real edges of the invariant tetrahedron (ABCD) in the double elliptic

case. Along these real edges the one-dimensional transformations

are elliptic, so that the cross-ratios are both of the form exp. ni 6. It

follows from these conditions that k must be assumed in the form of
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exp. i 6, and that r and s are both real. The cross-ratios along the six

edges of the tetrahedron (ABCD) are written thus:

AB : k= exp. i 6,

BC : k-^=exp. ri 6,

CD : k^-^^= exp. rsi 0,

DB : k'-''*=exp.(r— rs)i ^,

AC :
ki-'= exp.(l— r)i^,

AD : ki-^+'-^^exp. (1— r+ rs)i 6.

It is now evident that every transformation in eeGs (ABCD) is to

be found in some one of its one-parameter subgroups. The grouj)

eeGs (ABCD) contains two real subgroups of type VIII, both elliptic,

and one of type X, which is common to the two of type VIII.

4-K.U.Qr. A-x2





THE DIMORPHISM OF CAMBARUS, I.

BY J. ARTHUR HARRIS.

The existence of two markedly different forms of males in the

genus Camharus has long been known. The fact was first noticed

by Louis Agassiz and Henry James Clark,^ and communicated'^ by

the former to Dr. Hermann A. Hagen, who verified the observation

for all the species of Camharus, of which he had opportunity of ex-

amining a large number of specimens.^ Doctor Hagen, in his mono-

graph, whenever material was available, described both forms of

males, designating them as form I and form II. Since that time,

in taxonomic work, a complete description has always covered both

forms of the male ; a fact of no small importance, since the discrep-

ancies in the descriptions of some of the earlier writers may be due

to the fact that the presence of two forms of males in each species

had not yet been recognized.

The external differences between the first- and second-form males

have been well described by Hagen* and Faxon.''

The differences may here be just as well stated in Doctor Faxon's

words :^

" The differences between the two forms affect more especially the first pair

of abdominal appendages, organs concerned in the act of coition, but also extend

to the general form and sculpture of the body. In one form [ unhappily called by

Doctor Hagen the 'second-form' ] the first pair of abdominal appendages have a

structure nearly like that seen in all young males. The hook on the third joint

of the third [in some species, of the third and fourth] pair of legs is small, and

in the sculpture of the shell and shape of the claws this form approaches the

female. In the other form [Hagen's 'first-form'], the articulations near the

base of the first pair of abdominal appendages are gone and the whole member is

much more highly specialized, the terminal hooks being horny, more widely sepa-

rated, and in every way more highly developed; in those species with bifid tips

to these appendages, the branches are longer, slender, more widely separated, and

stiffer; the hooks on the thoracic legs are longer and more perfectly finished,

the sculpture of the whole body is more pronounced, and the claws are longer

and more powerful. No intermediate conditions are found, and there is no rela-

tion between these forms and the size of the individual, the 'second form' being

large and the ' first form' small, or vice versa.''''

1. See Faxon (Walter), "On the so-called Dimorphism in the Genus Cdmbarus," Amer.
Jour. Sci., vol. XXVII, pp. 42-44.

2. See Hagen (Hermann A.), "Monograph of the North American Astacidw," 111. Cat.
Mus. Comp. Zool., Harvard Coll. 1870.

3. Hagen, loc. cit., p. 24.

4. Hagen, loc. cit.

.">. Faxon, loc. cit. Also, "A Revision of the Astacidee," pt. I, Mem. Mus. Comp. Zool., vol.

X, No. 4. 1885.

6. Faxon, " On so-called Dimorphism," etc.

[49]-K.D.Qr.-A x 2-April, '01.
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Doctor Hagen made an anatomical examination ^ of first- and sec-

ond form males of C. acutus Girard, C. virilis Hagen, and C. hartonii

Fabricius. His observations were made from a very limited number
of specimens— probably only two from each species— and no note

was made of the time of year the material was taken, a factor the

significance of which he seems to have entirely overlooked. His ob-

servations were that the testis was decidedly larger in the first- than in

the second-form. He says, in fact : "The sexual parts of the second-

form males are so much less developed that it would be allowable to

consider them as sterile." Hagen's idea was that in the older males

of the second-form the sexual organs have failed to develop and are

consequently non-functional. He says: "But the great number of

full-grown second-form specimens in every species, which are often

even larger than the first-form males, seems to prove that they are in-

dividuals which have remained in a sexual stage that does not agree

with their corporal development— in short, they are, perhaps, sterile."

The size of the arthroiDod testis, in fact, depends largely upon

the condition of the elements, being, for instance, larger when the

sperm-cells are in the spermatocyte stages than when the spermatozoa

are mature, and being, of course, smaller still after the testis has been

evacuated.

So far as I have been able to observe, the testis of first- and second-

form males of the same size, taken at the same season of the year, are

equally developed, it being impossible to determine from an exami-

nation of the testis alone whether a given individual is first- or second-

form.

Faxon*^ observed that the so-called first- and second-form males

merely represent alternating stages in the life of the individual.

Specimens of C. rusiicus Girard kept in his laboratory copulated

freely. Shortly after they exuviated, and, while yet soft, they were

thrown with their casts into alcohol. Upon later examination, it was

observed that the casts were first-form— the form in which the animal

had approached the female— while the animals themselves were sec-

ond-form.

The same was noticed for a specimen of C. propinquus Girard

which had been preserved with its cast.

I have had the opportunity of watching quite closely a small stag-

nant pond near Lawrence, Kan., in which occur C. gracilis Bundy,

C. virilis Hagen, and C. immunis Hagen. As C. immunis was by

far the most abundant, observations were made on it. In the late

summer and autumn, the proportion of first-form males gradually in-

creased ; there seems to be, so far as my observations go, no definite

7. Hagen, loc. cit., pp. 22-24.

8. Faxon, "On so-called Dimorphism," etc.
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time at which exuviation takes place. This point, however, should be

determined more definitely. In the spring of 1901, C. immunis ap-

peared in the above-mentioned pond early in March. All males col-

lected up to April 15 were first-form. On April 20, the pond was
again examined and a large number of second-form males, yet soft

from exuviation, were found. On April 25, the most of the males

taken were second-form, and none of them had yet attained the nor-

mal degree of hardness. A large proportion of the first-form males

were evidently nearly ready to exuviate. None, however, were ob-

served in the act. Upon slipping the old "shell"' from first-form

males ready to exuviate, the animals in their new condition were

plainly seen to be second-form. Thus, my somewhat more extended

observations for C. imnnoiis Hagen confirm Doctor Faxon's impor-

tant discovery, that the "first" and "second" forms are simply alter-

nating periods in the life of the individual.

While neither so extended nor careful as for C. imraunis, my ob-

servations on the habits of C. virilis led me to believe that the proc-

ess is the same in this species.

Two individuals taken in the above-mentioned pond are deserving

of special consideration. The first (No. 34), a specimen of nearly

three inches in length, was collected on the morning of April 29,

1901, and thrown with many others into a collecting can. In the

afternoon, when the material was removed and examined, it was no-

ticed that this specimen had died during the process of exuviation.

The cast was plainly second-form, as was also the animal in its new
condition. The pleopods and the hooks on the ischiopodites were de-

cidedly and plainly second-form in both the cast and the exuviated

animal. The old chela? resembled those of the second-form, but those

of the soft animal were so much distorted that they offered no evi-

dence of value.

The other specimen (No. 35) was collected while very soft from

exuviation. It was in every respect a clearly marked first-form male,

and, while the cast was not secured, it seems altogether probable that

this animal must have passed the winter in the first-form condition.

All males taken up to this time in the spring, with the one exception

of No. 34, were first-form males, as were all males of this species

taken late in the fall.

C. iminiinis ceases to be constantly second-form long before it at-

tains the size of No. 34. No. 35, while a large specimen for C. im-

muiiis, was very slightly, if any, larger than other specimens collected

in the same place, which changed from first- to .second-form upon ex-

uviation. This would seem to indicate that, if there is finally reached

a period in the life of the animal in which it is constantly in the first-
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form condition and if No. 35 had reached this stage, the beginning of

this period varies with different individuals.

Thus, in the two cases mentioned above, it would seem that we
have exceptions to the general rule of alternation of forms ; having

in one case a large second-form individual retaining the second-form

condition after exuviation, and in the other an animal which was
probably in the first-form condition remaining first-form after exuvia-

tion. It seems to me not at all imjarobable that No. 11 also represents

one of these "abnormal" changes, being large enough to be in first-

form condition, and yet again assuming the second-form just at the

time when all others are first-form.

As to the microscojjic condition of the testes, these specimens are

not very dissimilar to others collected the same spring (Nos. 21 to 37).

Of No. 34, all the lobes and the vas deferens were sectioned. The
lobe is made up proximally of emptied follicles. Upon this follows

an extensive zone of spermatocytes, many of them in active mitosis.

The distal end of the lobe is occupied by the spermatogonial zone,

which is composed of only a few follicles in one of the lobes. The
vas deferens is filled with spermatozoa. Of No. 35, two lobes and the

vas deferens were sectioned. In this specimen the posterior lobe is

very much larger than either of the anterior lobes, but, so far as our

present consideration is concerned, this seems to me to be of no great

significance. The condition of the elements is very similar to that of

No. 34. The vas deferens is well filled with spermatozoa. In both of

these specimens we notice a predominance of spermatocytes. The
relative extent of the spermatocytes as compared with the other zones

is, with the exception of the one lobe of No. 34 mentioned above, not

so great as in the one lobe of No. 37 which was examined. With the

exception of the proportionately greater extent of the spermatocyte

zone, No. 37 is very similar to Nos. 34 and 35.

Faxon, in his paper on "Dimorphism," says: "I will add that the

males of extraordinary size which I have seen are all of the 'first-form.'

Do these very old individuals cease to molt ? Do they become per-

manently capable of reproduction ?" My observations, so far as they

extend, confirm those of Doctor Faxon. Having seen some very large

second-form males of both 6'. vir'ilis and 6'. immunis, I must add,

however, that this observation is true of only the extraordinarily large

individuals. While such a hypothesis seems not at all unreasonable,

I should like to examine a much larger series of material than I have

yet had the opportunity of doing before I say that the males reach a

permanently first-form condition. It seems to me improbable that

the old individuals should cease to molt, but not at all improbable

that they should continue in the same form after molting.
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Doctor Faxon suggests'' that Doctor Hagen's method of designat-

ing the two phases is not so happy as might be desired.

It would, perhaps, be better if the terms were just reversed, and the

male in the condition to approach the female were called form II,

since that designated by Hagen as form II is the form in which we first

find the animal. While it is not at all descriptive, I can see, other than

that mentioned above, no serious objection to Hagen's terminology,

especially since it is so well established in the literature. It surely is

very convenient, while I am not at all sure that a descriptive term

which would not be cumbersome could be easily found.

No dimorphism in the males has been observed in Astacus, nor, so

far as I have been able to learn, has any indication of it been found

in any other genus of the Astacidse, unless it be in the subgenus

Camharoids, where Faxon ^"^ suspects the presence of two forms of the

male, as in Camharus. Should this be found to be true, it would cer-

tainly be of great interest from a phylogenetic point of view. It

must be borne in mind, however, that the Parastacine genera have not

been nearly so thoroughly studied as those of the Potamobine.

A fact which I believe has not heretofore been considered in the

literature on the dimorphism of Camharus nevertheless seems to me
significant. In Astacus, according to Chantran,^^ after the third year

the males molt twice, first in June and July, afterwards in August

and September, and the females once, from August to September, an-

nually. According to Huxley,^- copulation takes place immediately

after the comjyJetion of ecdysis, in the early autumn. It is to be ob-

served that if the alternation of forms in Camharus noticed by Faxon
occurs regularly year after year, which my observations tend to prove

for both C. immtinis and C. vir/lis, the parallel between the two is

quite striking ; the spring ecdysis of Astacus corresponding to that

which brings Camharus into the second-form after copulation, while

the autumn ecdysis of Astacus corresponds to that which brings Cam-
harus back into the form in which it is ready to approach the female.

Neither Hagen's nor Faxon's material was in condition, having

lain so long in alcohol, for a microscopic determination of the condi-

tion of the contents of the testis. My object in this study has been

to supply observations on this point, hoping, by careful comparison

9. Faxon, "On so-called Dimorphism," etc.

10. Faxon, Monograph, p. 227.

11- Chantran, S. (1) "Observations sur la formation des pierres chez les

('•crevisses," Compt. Rend., t. 78, pp. 665-667. (2) "Surle mechanisme de la

dissolution intra-stomacale des concr^^tions gastriques des (^crevisees," Compt.
Rend., t. 79, pp. 1230, 1231. (3, 4) "Observations sur 1' hietoire naturelle
Ecra^sses," Compt. Rend., t. 69 and 73.

I have not seen these papers, but make the statement on the authority of Dr. C. L. Herrick,
"The American Lobster," Bull. U. S. Fish Com., vol. XV (Washington, 1896), and Huxley (T.
H.), "The Crayfish." — j. a. h.

12, Huxley, loc. cit.
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of the sexual organs, to get some idea of the relation of the repro-

ductive elements to the physical condition of the animal, and in this

way come a little nearer to the determination of the true significance

of the occurrence of the two forms.

As the title indicates, I do not intend this as a final paper, there be-

ing many important points yet to be ascertained before this interest-

ing problem is fully solved. I feel, however, that, in addition to the

general survey of the subject, the question, the answer to which was
the original subject of the investigation, has been definitely and con-

clusively answered, and that the results obtained are of sufficient in-

terest to warrant their appearance here, even before other points

which have been suggested in the course of the work are decided.

My material was fixed in Flemming's fluid, sometimes with a vary-

ing amount of acetic acid, in hope of counteracting the tendency to a

vacuolation of the cytoplasm during the process of division, embedded
in parafiin, and sections prepared by the usual cytological methods.

Heidenhein's iron-htematoxylin and the safranin-gentian-violet-

orange-G methods were used principally as staining reagents.

I wish to express here my gratitude to Prof. C. E. McClung and

Mr. W. S. Sutton, of the department of zoology, University of Kansas,

where the work was done, for useful suggestions.

It will be observed that in comparing the condition of the testes

of different individuals, I have frequently used some qualifying term ;

as, for example, "Condition about the same as No. ." This

course seemed necessary to strict accuracy ; for while, so far as the

essential parts are concerned, they may be alike, it must be borne in

mind that considerable individual variation is to be expected. Vari-

ous causes affect the relative development of the germ-cells in differ-

ent individuals. In Camharus, the greatest variation occurs in the

general form of the testis— a condition which would imply consider-

able variation in the relative shape and arrangement of the different

germ-cell zones. The normal testis is three-lobed— two anterior and

one posterior
;
yet those which have become almost completely four-

lobed through the division of one of those already existing are not at

all uncommon.
The following table shows the condition of the testes of a number

of individuals of the two forms. Usually but one lobe was examined
;

however, in cases where more than one lobe was sectioned, the con-

dition was usually found to be essentially the same. It will be noted

that some of the material is not in the best condition, having been

prepared under unfavorable circumstances. I might say, however,

that in no case have conclusions been even suggested from poor sec-

tions which seemed in any important way different from other

preparations with which they were compared. The greater part of my
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material is, I believe, in as good condition as that upon which many

of our cytological papers are based.

No. 1. C. immunis. F. I. About two inches long. August 24,

1900.

One lobe eectioned. At the proximal end are a few emptied follicles and more

with mature spermatozoa. Also various stages of spermatid transformation,

the earlier stages being for the most part towards the distal end. The sperma-

tids extend somewhat more than one-half the length of the lobe. Then follow

spermatocytes; and finally an area of spermatogonia, about one-sixth the length

of the lobe in width. An occasional division figure is seen among these sperma-

togonia.

No. 2. C. immu7iis. F. I. About two inches long. July 27, 1900.

Sections not in plane to show regions to best advantage, but condition seems

to be about same as No. 1.

No. 3. C. immunis. F. II. About two and one-half inches long.

August 2, 1900.

All lobes sectioned. Sections of anterior lobes not perfect. One of anterior

lobes eeeme to have an unusually large number of spermatogonia. Condition

otherwise seems to be about same as No. 1.

No. 4. C. immunis. F. II. Size of individual not recorded;

probably about two inches long. Still slightly soft from exuviation.

Only one lobe sectioned. With the exception of a little different appearance

of the spermatogonia, which, from comparison with other material, seems to me
to be unimportant in this connection, this seems to agree exactly with No. 1.

No. 5. C. irnmunis. F. I. About two inches long. August 24,

1900.

One lobe sectioned. Proximal end shows follicles with mature spermatozoa.

Farther back are seen follicles containing various stages of spermatid transforma-

tion; then follow spermatocytes and finally spermatogonia. Condition practi-

cally same as No. 1. Vas deferens contains a considerable number of spermatozoa.

No. 6. C. immunis. F. I. About two inches long. August 24,

1900.

Only one lobe sectioned. In about same condition as No. 1.

No. 7. C. immunis. F. I. About two and one-half inches long.

August 31, 1900.

One lobe sectioned. Conditions about the same as No. 1. A section through

the vas deferens shows the presence of a considerable number of spermatozoa.

No. 8. C. immunis. F. II. About three to three and one-half

inches long. August 24, 1900.

One lobe sectioned. Condition practically identical with No. 1.

No. 9. C. immunis. F. II. About two and one-half inches long.

August 31, 1900.

One lobe sectioned. Condition almost exactly same as that of No. 1.
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No. 10. C. immunis. F. II. About two and one-lialf inches long.

August 31, 1900.

One lobe sectioned. Condition about same as No. 1.

No. 11. C.virilis. F. II. Perfectly soft from shedding. A little

over two inches long. September 4, 1900.

One lobe sectioned. Seems to be abnormal. There are present, however,

almost mature elements, spermatids, spermatocytes, and spermatogonia.

No. 12. C. imrmi7iis. F. II. About two inches long. August

24, 1900.

One lobe and vae deferens sectioned. Condition of lobe practically same as

No. 1. Vas deferens contains many spermatozoa.

No. 13. C.immnnis. F.I. Good- sized individual. Probably two

and one-half or three inches long. Collected in burrow, October 13,

1900.

One lobe and vas deferens sectioned. Proximal part of lobe made up of

emptied follicles and those yet filled with mature spermatozoa. Farther back

are seen spermatids in various stages of transformation, some of them quite early.

A few follicles with spermatocytes are noted. Bordering immediately on the

spermatid region, or upon the scattered follicles of spermatocytes, is seen the dis-

tal region of spermatogonia, in which a division figure is occasionally to be noted.

No. 14. C. innnnnis. F. I. About two and one-half inches long.

August 21, 1900.

Material so badly oriented and broken up in preparation that an exact de-

termination of the different regions is impossible. Spermatozoa, spermatids,

spermatocytes and spermatogonia are found. Apparently, it is practically the

same condition as No, 1. Vas deferens shows considerable number of sperma-

tozoa.

No. 16. C. ivimu7iis. F. I. About two or two and one-half inches

long. August 21, 1900.

One lobe examined. Condition about same as No. 1.

No. 17. C. imimuiis. F. II. About two inches long. August

24, 1900.

One lobe sectioned. Condition practically same as No. 1.

No. 18. C. immunis. F. II. About two and one-half inches long.

August 2, 1900. Still fairly soft from shedding.

Condition practically same as in No. 1.

No. 20. C. virilis. F. I. About two and one-half inches long.

Collected in ice-cold water in creek, January 18, 1901.

Sections not longitudinal, and so arrangement of regions is uncertain. Most

of the follicles are filled with mature spermatozoa; in some few the spermatozoa

are apparently not quite mature, not being massed together at the center. Fol-

licles containing spermatocytes, and a greater number containing spermatogonia,

also occur. The vas deferens contains a good many spermatozoa, but is not

nearly full.
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No. 21. C. immunis. F. I. About two or two and one-half inches

long. March 19, 1901.

All lobes of testis sectioned. Proximal ends made up of emptied follicles.

Beyond these are some still containing apparently the original number of sper-

matozoa of the preceding season. A few follicles are filled with large primary

spermatogonia. An occasional follicsle contains spermatocytes in fine spireme

condition. Those of the distal end contain spermatogonia, among which an oc-

casional division figure is to be seen. The vas deferens is well filled with sperma-

tozoa.

No. 22. C. immunis, F. I. Two and one-third or three inches

long. March 19, 1901.

Two lobes and vas deferens sectioned. Is in practically same condition as

No. 21.

No. 23. C. immunis. F. I. About two and one-half inches long.

March 22, 1900.

Two anterior lobes and vas deferens sectioned. Condition practically same as

in No. 21.

No. 24. C. immunis. F.I. About three inches long. March 22,

1901.

Vas deferens examined. Well filled with spermatozoa.

No. 25. C. hnniunis. F. I. About two and one-half inches long.

March 24, 1901.

Somewhat broken up in preparation. Condition about same as No. 21. Sper-

matocytes not common. Follicles do not contain so many spermatozoa.

No. 26. C. immunis. F. I. About two and one-fourth inches

long. March 27, 1901.

Two lobes sectioned. Condition largely same as No. 21. No spermatocytes

were noticed and no follicles still containing any considerable number of sper-

matozoa. Spermatogonial region more extensive than in No. 21.

No. 27. C. immunis. F. I. Early May, 1900.

Sections rather poor. Lobe seems to be made up of the proximal area of emp-

tied follicles and a large distal area of spermatogonia, among which occasional

division figures are to be observed. The vas deferens is well filled with sperma-

tozoa.

No. 28. C. imnmnis. F. II. April, 1900.

Sections poor. Conditions practically same as in No. 27. Vas deferens weU
filled with spermatozoa.

No. 29. C. virilis. F. II. May 5, 1900.

Sections poor. Conditions probably much the same as in Nos. 27 and 28.

No. 30. C. virilis. F. II. May 5, 1900.

Condition largely same as the three preceding. In Nos. 27 to 30, taken in the

spring of 1900, we find essentially the same conditions, both in C. inwiun'iK and

C. virilis, as those observed in No. 21.
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No. 31. C. imniu7iis. F. II. About three inches long. Slightly

soft from exuviation. April 20, 1900

Two lobes sectioned. Condition same as No. 26.

No. 32. C. immunis. F. II. About two and one-half inches long.

Very soft from exuviation. April 21. 1901.

One lobe sectioned. Condition seems to be about the same as No. 36. Vas
deferens well filled with spermatozoa.

No. 38. C. immunis. F. I. About two and one-half inches long.

Did not seem to be nearly ready to exuviate. April 21. 1901.

One lobe sectioned. Condition much the same as in No. 31. Vae deferens
well filled with spermatozoa.

No. 34. See body of paper, pages 50 and 51.

No. 35. See body of paper, pages 50 and 51.

No. 36. C. immunis. F. II. About three inches long. Kept in

laboratory in second-form condition eight days. May 5, 1901.

Two anterior lobes sectioned. Condition much the same as in No. 21. Sper-

matocytes perhaps somewhat more numerous, and spermatogonial region more
extensive.

No. 37. C. imnumis. F. II. About three inches long. Had been
kept in the laboratory. Had been in second-form condition at least

ten days. May — , 1901.

One lobe sectioned. In this specimen nearly all the spermatogonia have gone
over into early spermatocytes. The region of spermatocytes is proportionately

considerably larger than the spermatogonial region in any of the above-mentioned
material. The vas deferens is well filled with spermatozoa.

From an examination of Nos. 1 to 18 it will be seen that no constant

differences can be demonstrated between the testes of tirst- and second-

form males collected in the late summer. The material examined in-

cludes specimens yet comparatively soft from exuviation as well as

those which have apparently been in first- or second-form for a con-

siderable length of time. An examination of Nos. 21 to 37 shows that

in the spring ecdysis, as well, no definite difference which might de-

termine the time of the change of form is to be observed.

The list of material described above tends to show that the main

part of the regeneration of the male sexual elements takes place be-

tween the spring exuviation, in which the animal assumes the second-

form, and late in August, and that during the latter portion of this

period the animal may be in either of the forms. The later stages

of regeneration take place, so far as I have been able to observe, in

exactly the same manner, whether the animal is first- or second-form.

While advancing this theory rather tentatively, it seems to me that

from the evidence at hand we must conclude that the second-form

represents the period in which the greater part of the regeneration of
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the sexual elements takes place, but that the limits of this period are

not definitely determined by the condition of development of the

germ -cells. In other words, the sexual condition of the animal is not

the only determining factor to be taken into consideration. This is

well shown by the variation observed in the testes of individuals in

the same form as well as by the similarity of those from individuals

of different form, and also by the occurrence of individuals in which

the alternation of forms does not regularly occur.

SUMMARY.

The principal points of this paper may be briefly summarized as

follows

:

1. The alternation of forms, which Faxon observed for (J. rusticiis

Girard and C. pt'opinquus Girard has been shown for C. immutiis

Hageri, and without doubt occurs in C. virilis Hagen.

2. Exceptions to this alternation of form are to be found in adult

indviduals.

3. No difference can be detected between the testes of first- and

second-form males taken at the same time of year, either as regards

gross anatomy or microscopic structure. So far as the presence of

sexual elements is concerned, therefore, the second-form male is as

capable of copulation as is the first-form.

4. The second-form condition probably represents, in the adult in-

dividual, the period in which the greater part of the regeneration of

the sexual elements takes place.

5. The parallel between the first- and second-form males in Cani-

harus and the spring and fall exuviation of Astacus is probably not

without significance.

Laboeatoey of Zoology and Histology,
University of Kansas, May 20, 1901.
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I.—INTRODUCTION.

In this paper it is my purpose merely to describe briefly certain

appearances observed in the spermatocytes and early spermatids of

Scolopendra, leaving the complete spermatogenesis to be treated

much more at length in a future paper, which I hope soon to have
ready for publication.

The terminology employed in this article will conform as closely

as possible to that which has been used in other papers coming from
this laboratory ( by McClung^ and Sutton'^), but from the very extraor-

dinary character of my material, several new terms will necessarily

be introduced. These I have endeavored to make as descriptive as

possible of the appearances designated.

I wish to express my gratitude to Prof. C E. McClung for advice

and assistance in carrying on this work. My thanks are due also to

Mr. W. S. Sutton for collecting the material upon which these obser-

vations were made, and for various suggestions at different times.

II.— MATERIAL AND METHODS.

The material upon which these observations were made was col-

lected in June, 1900, in Russell county, Kansas, by Mr. W. S. Sutton.

The preceding spring, however, some material from other forms of

myriopods was obtained by Prof. C. E. McClung. This included sev-

eral species of both diplopods and chilopods. However, as the form

collected by Mr. Sutton proved more favorable, the greater part of

these observations was made upon it.

The species in question is the large reddish-brown Scolo]}('ndra,

1. Mcriung, C. E., 1899: "A Peculiar Nuclear Element in the Male Reproductive Cells of
Insects," Zool. Bull., vol. II, No. 4. Also, same author, 1900: "The Spermatocyte Divisions of
the Acrididee," Kau. Univ. Quar., vol. IX, No. 1.

2. Sutton, W. S., 1900: "The Spermatogonia! Divisions in Brachystola magna," Kan. Univ.
Quar., vol. IX, No. 2.

[61J-K.U.Qr.-A x 2-April, '01.
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found abundantly in the Southwest. It is a large centipede, about

four inches long and four lines across.

Each part of the paired testes, which lie in the dorsal region, con-

sists of a number of divisions. As a rule these divisions are made up
of two follicles, tapering toward each end, placed side by side in such

a way that they roughly resemble a diatom. Occasionally, however,

they are single ; i. e., they consist of only one follicle. The lobes are

connected to the vas deferens by a duct attached to one end of each

follicle.

The testes which I have thus far examined are far advanced in de-

velopment and contain very few spermatogonia. The other genera-

tions of the germ-cell are, however, very well represented.

The younger spermatocytes, with a few spermatogonia, are arranged

upon the periphery of the follicle, while within are the later spermato-

cytes and spermatids ; and, in the central portion, are large masses of

later spermatids and spermatozoa in various stages of formation. In

most of the testes examined the spermatozoa are much more numer-

ous than any of the other cell generations.

In the manipulation of this material two fixing reagents were used

:

Flemming's chrom-osmium-acetic mixture and Gilson's nitro-acetic-

sublimate mixture. Both of these fixatives gave excellent results, but

Gilson's fluid was the better. The fixation with this was perfect, there

being no shrinkage or other apparent distortions.

Indeed, the only disadvantage of the Gilson fixative is the difficulty

experienced in the later maniixilation. When embedded in paraffin,

the material is so soft and spongy that it folds upon the knife in cut-

ting. This difficulty was obviated in the following manner : The ma-

terial was gradually carried up to absolute alcohol, from which it was

transferred to celloidin and allowed to infiltrate thoroughly. Then
the celloidin was allowed to evaporate gradually, until it was of the

consistency of thick cream. Finally all the surplus celloidin was re-

moved, and the mass was cleared for several hours in chloroform.

This accomplished, the specimen was infiltrated with paraffin and em-

bedded in the same substance. The material cut perfectly, without

any wrinkling or distortion of the sections, and without any of that

shrinkage of the cells which often occurs when the ordinary paraffin

method is employed.

In staining, a considerable number of reagents were employed.

The best results were obtained with Heidenhain's iron-hsematoxylin,

used either alone or in connection with Congo red ; Kernschwarz

;

and the Flemming three-color stain. Fair results were obtained also

with Bismarck brown, methyl-green, cyanin, and Auerbach's methyl-

green and acid fuchsin.
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III.— OBSERVATIONS.

1. The Spermatocytes. The spermatocytes, as they arise from the

telophase of the last spermatogonial division, are very small in com-
parison with the truly enormous size attained by them later. Even
in this stage their size varies somewhat, but the average diameter is

not more than ten micra. At this time the nucleus fills nearly the en-

tire body of the cell, and its chromatin is in the form of a number of

short, granular segments. (Fig. 1.)

These segments, by their disintegration and subsequent union,

form the spireme seen in a later stage. (Fig. 2.) This spireme is

similar in all respects to that found in the spermatocytes of insects at

the same stage of the prophase.

The resemblance of the spermatocytes of myriapods to those of in-

sects is still further emphasized by the presence, within the nuclear

cavity, of that peculiar chromatic element known as the accessory

chromosome.

As is the case in insects, this element lies immediately against the

nuclear membrane. It stains intensely with all chromatin reagents

employed, and in other ways behaves as does the accessory chromo-
some of insects. It is peculiar, however, in that it is approximately

spherical in form.

At this stage, the cytoplasm, although much more voluminous
than in the spermatogonia, is relatively small in amount as com-
pared with what it becomes later. It is finely reticular in structure and,

as far as observed, contains no centrosome or idiozome. Yolk ma-
terial is sometimes present in small quantities.

When the cell has reached the stage represented in fig. 2, the

chromatin spireme gradually breaks down, and the nucleus is filled

with a looser, less densely staining reticulum, as represented in fig. 3.

This reticulum continues to become finer and less dense, until the cell

finally reaches the stage represented in fig. 4, where the nuclear

cavity is filled with a beautiful regular network composed of faintly

staining fibers. Most of the cells remain in this condition until the

active prophase begins with the formation of the tetrads. Some,
however, go still farther, and in these the reticulum of the nucleus
could not be distinguished from that of the cytoplasm were it not for

the nuclear membrane enclosing it. These cells are, moreover, larger

than the ordinary ones at this stage.

Meanwhile the accessory chromosome has undergone very marked
changes. It has increased in size much out of proportion to the rest

of the nucleus, as is shown in fig. 4. It is still approximately spher-

ical in form and shows the same affinity for chromatin stains which
is characteristic of it in preceding stages.

5—K.U.Qr. A-x2
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Synchronously with these changes in the character of the nucleus,

the cell has undergone a truly remarkable increase in size. In the

early spireme stage the average diameter of the cell was about ten

micra ; now the average diameter is thirty-five micra, and the largest

cells reach an enormous size, their diameter being about ninety micra.

By this extensive growth the cytoplasm has increased in amount much
more than has the nucleus (fig. 4), but still shows its finely reticular

structure. Embedded in the meshes of this network are large masses

of yolk material. This food substance generally forms a zone sur-

rounding the nucleus, the inner portion being but little denser than

the cytoplasm, while the outer portion, which is often broken up into

uneven projections, stains much more densely. Occasionally the

deutoplasm is not arranged in the manner described, but is distributed

irregularly around the nucleus in masses of various sizes. At this

stage I have been unable to find any centrosome or attraction sphere.

As will be seen from the plates, the spermatocyte, during this dif

fuse reticular stage, approaches very nearly the egg type. Indeed,

this similarity is so striking, that upon a superficial examination, I

was inclined to believe that these cells were really egg-cells, and, as

various stages of the male germ-cells were also present, that the ani-

mal, contrary to general belief, was hermaphrodite. However, upon

further study, this first impression was soon found to be erroneous, as

the true character of the cells was then conclusively apparent.

So far as I have been able to learn, male cells so very similar to the

egg-cells have never been described. For that stage of the prophase

in the spermatocytes of Scolopendra I wish to propose the name of

the pseudo-germinal-vesicle stage. At this time the nucleus is, in ap-

pearance, identical with the typical germinal vesicle of the egg. It is

small in proportion to the amount of cytoplasm, and is situated some-

what eccentrically. The reticulum is very similar in appearance to

that of the immature ovum, and the accessory chromosome resembles

very closely the germinal spot of the female element. Indeed, the

later behavior of the accessory chromosome is very much like that of

the germinal spot in those eggs in which the chromosomes are derived

from this element.

From the diffuse germinal vesicle stage described, the chromatin

reappears as a number of diffuse masses. These quickly assume a

form identical with that of the typical insect tetrad, described by

Paulmier^ in Anasa, and by McClung^ in Jlippiseus. The process

of the formation of these tetrads is so rapid that they often appear to

arise from the diffuse pseudo-germinal-vesicle stage as well-defined

3. Paulmier, F. C. 1899 : "The Spermatogenesis of Anasa tristis," Jour. Morph., vol. XV. Sup-
plement.

4. McCluDg, C. E., 1900, loc. cit.
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tetrads, without having passed through any of the intervening stages.

Several of these tetrads may often be seen in a nucleus, and among
them are flaky masses of chromatin from which the rest are to be

formed. In these nuclei the accessory chromosome is always irregular

in form and granular toward the outside, showing that the substance

from which the tetrads are formed is derived from its substance. These

tetrads assume all the typical forms described for them in A7iasa and

Jlippiscus (fig. 6), and, as in the cells of those animals, may all be

referred to a single tyjje, their apparent diversity of form being caused

either by the point from which they are seen or by a slight natural

modification.

The tetrads, as they first appear, are rather elongated, the longi-

tudinal si^lit being much more pronounced than the transverse one.

At first they are composed of rather coarse granules or flakes of

chromatin loosely arranged, but, as the cell approaches division, the

granules become flner and arrange themselves in masses, which stain

much more densely with chromatin stains. ( Figs. 6, 7.

)

It is at about this time that the centrosome appears. (Fig. 7.) It

is first to be seen in the yolk material, which at this stage is collected

in a large, irregular mass at one side of the nucleus. The centrosome

is a rather prominent dumb-bell-shaped body contained in a clear

sj^ace, fairly well differentiated from the surrounding deutoplasm.

At this stage it is not nearly so large as it becomes later, in the pro-

phase and in the metaphase.

From this time the movements of the centrosome can be traced

clearly, up to the telophase of the succeeding division. The dumb-
bell-shaped figure elongates and finally constricts (fig. 8), forming

two spherical bodies. Astral radiations then appear and the centro-

somes move toward the nucleus and finally come to rest upon the nu-

clear membrane. (Fig. 9.) The astral radiations become more marked
and the centrosomes move slowly apart upon the membrane. (Figs.

9, 10, 11, 12).

When they have reached points about 100 degrees apart, the nu-

clear membrane begins to disappear. That part over which the cen-

trosomes have not passed in their migration is the first to be dissolved,

while the portion between the centrosomes persists for some time, as

is shown by the numerous cells in which it is still to be found.

(Figs. 11, 12.) At this stage the astral rays are more marked than

at any preceding time, but are not so prominent as they become later,

in the metaphase and anaphase.

While these phenomena have been occurring, the tetrads have also

changed. They have lost their granular character and ragged out-

line, have become much more homogeneous, and have assumed an ap-

proximately spherical form. They can no longer be distinguished
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from the accessory chromosome, which, on account of its greater

density and its nearly spherical form, could be easily observed up to

this time.

Since the pseudo-germinal-vesicle stage, the accessory chromosome
has undergone several interesting changes. As we have seen, it is

then remarkable for its large size and strong attinity for chromatin

stains, In the active prophase following this, while the chromatin is

collecting in diffuse, flaky masses preparatory to tetrad formation,

this element decreases much in size, and at the same time its outline

becomes very irregular. In a later stage, shown in figs. 5, 9, the con-

tour of this element has again become regular; it has resumed its

spherical form, and has diminished in size, until now it is no larger

than a chromosome in the metaphase of the first spermatocyte division.

It goes to the equatorial plate without previously showing any sign

of division.

I can see but one plausible explanation for the behavior of the ac-

cessory chromosome in the pseudo-germinal-vesicle stage and in the

late prophase succeeding. While the nucleus is in the ditfuse condi-

tion, it would seem that the accessory chromosome acts as a store-

house for practically all of the chromatin of the cell, or, more

properly, serves as a center around which the chromatin becomes

condensed. As has been mentioned before, the later behavior is very

similar to that of the germinal spot in some eggs.

With the disappearance of the nuclear membrane, mantle fibers are

seen connecting each centrosome with the chromosomes. (Fig. 11.)

The chromosomes heretofore distributed irregularly throughout the

nuclear space are drawn into the equatorial plate, and a very short

spindle is formed. (Fig. 13.)

Later the centrosomes move apart some distance, until the cell pre-

sents the appearance represented in fig. 15. By this movement the

shape of the chromosomes is altered somewhat, and they now show

signs of division. At this stage the astral rays can be seen, connect-

ing the centrosomes with the cell membrane. They are very distinct,

and there is no question but what they really extend from the centro-

some to the cell membrane. From their separation upon the nuclear

membrane, up to this time, the centrosomes have been of an irregular

spherical form. Now, however, their shape is changed, and they ap-

pear as rather large, cone-shaped masses, with their apices turned

toward the equatorial plate. (Figs. 15, 16.) At no time is the out-

line of the centrosome exactly spherical.

When the cell has reached this stage a very unusual thing occurs.

By the con-traction of the astral rays attached to the cell membrane

the centrosomes are drawn still farther apart, and take up their i^osi-

tion at points a short distance from the cell membrane. (Fig. 16.)
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The peculiar thing is that the mantle fibers no longer converge to-

ward the centrosomes, but to the points which the centrosoraes occu-

pied before their last migration. From this center of convergence,

which I will call the apical point, parallel strands of linin extend to

the centrosorae. These linin bands are, I believe, but the continua-

tion of the mantle fibers. Radiating fibers are now seen extending

out into the cytoplasm, from the apical point as well as from the cen-

trosome proper, although those from the latter are much more distinct.

The astral rays connecting the centrosome and the cell membrane are

still more pronounced at this stage. The centrosome is still conical

in form.

The centrosomes again move apart and take up their final position

upon the cell membrane, where they are flattened out into rather large

hemispherical bodies. Well-marked astral radiations still extend out

into the cytoplasm. By these last movements of the centrosomes the

chromosomes have been drawn apart, and, by the synchronous con-

traction of the mantle fibers, have been drawn toward the poles, and

come to rest at the point at which the mantle fibers converge, where

they are arranged in a densely packed mass. (Fig. 17.)

When the chromosomes have taken up their final positions the

cell-walls begin to constrict. As this proceeds the fibers connecting

the two daughter masses of chromatin are crowded together into a

bundle, which finally presents the appearance represented in fig. 20.

A midbody, or zwischenkorper, is formed at the point where the con-

stricting wall approaches this bundle of persisting fibers. This is

composed of a number of small, darkly staining bodies about equal in

number to the chromosomes. These bodies are arranged close together

upon the periphery of the bundle in such a manner as to form a ring.

( Fig. 20. ) A similar appearance has been described by McGregor'^

in Ainphiuma. In Scolopendra, however, this ring does not i^ersist,

as is the case in Ainphiuma.

The division figures of the second spermatocytes are very similar

to those of the first. Indeed, the two generations can be distinguished

only by the character of the chromosomes. A short spindle is formed

( fig. 21 ), and the cell undergoes changes similar to those in the first

spermatocytes. In the early telophase the cell presents the appear-

ance represented in fig. 22. The daughter masses of chromatin are

smaller than in the corresponding stage of the first division. The

chromosomes are so closely massed together that the outlines of the

individual elements cannot be distinguished, although, of course, they

do not lose their individuality. Connecting fibers extending from

one daughter plate to another are jjlainly visible, and astral radiations

5. McGregor, J. H. : "The Spermatogenesis of Anipliiuma," Jour. Morpb., vol. XV. Sup-
plement.
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are also to be seen proceeding out into the cytoplasm. The centro-

somes are rather large, hemispherical bodies, in close contact with the

cell-wall. Midway between the daughter plates the cell membrane
shows evident signs of constriction.

In a later stage, shown in fig. 23, the cell membrane constricts in

the plane of division, and, as this advances toward the center of the

cell, the fibers i^ersisting between the daughter masses of chromatin

are crowded together so as to form the well-known spindle remains.

A midbody is formed, as in the telophase of the first spermatocytes.

The centrosomes still iDersist, although they have diminished in size,

and the astral radiations have disappeared. They are still to be found

in close contact with the cell membrane at the ends of the cell furthest

from the plane of division. The cytopasm has resumed its reticular

character. The last trace of yolk material disappeared at about the

time of the disintegration of the nuclear wall in the first spermato-

cytes ( fig. 12 ), and none has yet reappeared. The chromosomes have

become separated from each other and are irregularly distributed

throughout the nuclear vesicle, which at this time is surrounded by no

well-defined membrane. At this stage they still preserve their regular

outlines.

2. The Spermatids. The spermatids, as they arise from the last

maturation division, are rather small cells, with the nucleus placed

somewhat eccentrically. Fig. 24 represents one cut through the short

diameter of the cell. The cell membrane is fairly well defined and

the nucleus is spherical in shape, as usual. At first the chromosomes

are regular in outline but soon break down, and the nucleus is occu-

pied by a number of irregular chromatin masses. Linin fibers can

be seen connecting the chromatin masses.

When the cell has reached this stage a very remarkable thing hap-

pens. The nuclear wall sends out a projection upon one side ( fig. 25),

and into this protuberance, which is still surrounded by the well-

defined nuclear membrane, several of the irregular chromatin masses

pass. These are still connected with each other, and with the other

masses of chromatin in the nucleus, by linin fibers. The number of

these masses which j)ass into this bud or protuberance varies some-

what, but is generally two or three.

This protuberance soon shows signs of constricting off from the

main body of the nucleus (fig. 2(3), and at this period the nucleus

presents much the appearance of a yeast cell during the process of

budding. This body, for which I would propose the name of itomere

(the word indicating the behavior of this body), becomes constricted

off from the nucleus, and, moving out through the cytoplasm, finally

passes through the cell membrane and is extruded from the cell.

Various stages in the migration of this peculiar structure are repre-
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seuted in figs. 25 to 30. In fig. 26 the itomere has nearly constricted

ofP from the nucleus. In fig. 27 it has left the nucleus and is seen

free in the cytoplasm, surrounded by a rather well-defined membrane.
The nuclear membrane remains open at the point from which it was
constricted, and the course the itomere has taken through the cyto-

plasm is plainly visible. In fig. 28 it is seen extending from the

nucleus, with which it is still connected, to the cell membrane. In
fig. 28 it has reached the cell membrane, and in fig. 29 has been ex-

truded and the membrane has apparently closed behind it.

In all these cases the nucleus has remained open, and the pathway
left by the itomere in its passage through the cytoplasm can be
plainly distinguished. The best stain for demonstrating the stages

just described is obtained by using Heidenhain's iron-hsematoxylin

in connection with Congo red. The chromatin, as usual, takes on a

dense black stain, that of the nucleus and that of the itomere stain-

ing precisely alike. The ground substance of the cytoplasm takes on
a transparent red stain, against which the fibers forming the reticu-

lum stand out plainly. The pathway left by the itomere stains a

little darker red than the groundwork of the reticulum.

The budding process and the extrusion of the itomere is accom-
panied and succeeded by a great increase in the size of the cell, as

can plainly be seen by consulting the plates. At first this growth is

more marked in the cytoplasm (figs. 21-27), but later the nucleus

also grows, although not in proportion to the cytoplasm. (Figs. 29-

31.) As far as I am informed, such a remarkable increase in the

amount of cytoplasm has never been described in the spermatids.

During this growth period masses of deutoplasm are present in the

cells in more or less abundance. The first evidence of yolk observed

in the spermatids appears at the time of the protrusion of the itomere.

Thus the formation and extrusion of the itomere seem to have

some connection with the succeeding growth of the cell and the ap-

pearance of yolk substance, as well as with the origin of another struc-

ture concerning which I shall speak later.

I wish now to return to a consideration of the behavior of thecentro-

some. The last time the centrosome was mentioned it was a rather

small, darkly staining body, in close contact with the cell membrane,
upon that side of the cell farthest from the plane of division. At this

time no radiations are to be seen proceeding from it and it is sur-

rounded by no idiozome or attraction sphere. From this place the cen-

trosome can be traced for a time, but is lost. Later it reappears, and

from this time can be traced to its final position in the middle piece

of the spermatozotm. It leaves its place upon the membrane and, up
to a time when the budding process is well under way, may be seen at

various places in the cytoplasm. There it disappears and is not again
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seen until the stage represented in fig. 30 is reached, when it has

taken up its jjosition near the nucleus, at one side of the opening in

the nuclear membrane. At the time of the disappearance of the cen-

trosorae, masses of deutoplasm have become abundant in the cell, and

it is very probable that this element is merely concealed by one of

these and that it will be found on further study.

As before stated, the pathway left by the itomere in its passage

through the cytoplasm can be easily distinguished. As the cell in-

creases in size, this, instead of becoming more faint, as one might ex-

pect, gradually becomes plainer and more easily distinguishable (figs.

29-33), until, in the stage represented in fig. 34, it stands out as a

densely staining black line— the axial filament. This is formed, not

by an outgrowth or elongation of the centrosome, as has been de-

scribed for other objects, but by the collection and condensation of

the fibers of the cytoplasmic reticulum. In earlier stages (fig. 32), a

cross-section of the pathway left by the itomere shows a rather

diffusely staining area, toward which the fibers composing the reticu-

lum converge as toward a centrosome. At this stage, however, the

centrosome can be clearly distinguished at a point near the nucleus

and at one side of the position subsequently occuj)ied by the axial

filament. Later, it moves directly into the course of the future axial

filament, which, at this period, stains more densely, and, although

still somewhat granular and indefinite in appearance, stands out much
more distinctly than at any jjrevious time. (Figs. 33, 34.)

While this is taking place the cytoplasm becomes vacuolated in

the region surrounding the axial filament. The large, rather elongated

vacuoles extend with their longer diameters approximately parallel to

the course of this structure.

The significance of this vacuolation appears to be in the fact that

the previously fine reticulum is being broken down and reformed into

fibers extending parallel to the axial filament, thus leaving large

clear spaces in the cytoplasm. In later stages these fibers become col-

lected and condensed, and in the mature spermatozoon, although they

still preserve their individuality, cannot be distinguished from each

other without the aid of maceration. The origin of the axial fila-

ment in Scolo})endra from the fibrillar reticulum of the cytoplasm

agrees with the discoveries by Ballowitz^ of the fibrillar character of

this element in spermatozoa. He describes it as being made up of a

large number of parallel fibrillar.

The axial filament being thus definitely formed, farther changes

consist in its elongation, and this continues until it is several hundred

micra in length. Its later growth is accompanied by a corresponding

6. Ballowitz, E., 1891: " Weitere Beobacbtungen uber den feinerea Bau der Saugethier-
spermatozoen." Zeitscbrift fur wissenscbaftlicbe Zoologie. Bd. LII.
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lengthening of the cell. When the spermatid has reached the stage

shown in fig. 85, the cell outline in the region posterior to the nucleus

is very difficult to follow.

An acrosome first appears at this stage, at the side of the nucleus

opposite the base of the axial filament. This, at this time, is a spatu-

late vacuole, which shows no affinity for chromatin stains. In later

stages this body increases much in size and stains weakly with iron-

haematoxylin. ( Figs. 38, 39.)

Concerning the later changes in the spermatid I will say nothing in

this paper, but will merely show a few of the observed stages by draw-

ings.

IV.— COMPARISON OF LITERATURE.

The Accessory Chromosome.— Until quite recently the true nature

of the accessory chromosome was not understood, and by various

writers it has been classified among that very ill-defined group of

bodies, the nucleoli. It was first observed by Henking,' and by him
called a nucleolus. Later observers, Vora Rath,** Wilcox,'"* Moore, ^"

and Wagner,^^ have evidently had much the same understanding

of its nature, as they classified it similarly. In 1898 Montgomery^"-*

found the same element in the testicular cells of Pentatoma, but evi-

dently did not fully understand its true character, as he called it the
'• chromatin nucleolus."

In 1898 McClung^'^ first correctly interpreted the character of this

element. He described it as a metamorphosed chromosome, and to it

applied the name "accessory chromosome."

In a paper which appeared the latter part of the same year, Paul-

mier^* recognized its chromosomal nature and designated it the "small

chromosome." This name appears to have been unfortunately chosen,

as in many animals this element is the largest and most conspicuous

chromosome in the cells. In his material, Anasa tristis, the accessory

chromosome takes on the shape of a completely formed tetrad without

l)assing through any of the preceding .stages. In the first spermato-

cyte division it is divided along with the other chromosomes, but in

the second, after remaining in the equatorial plate for some time, goes

to one pole undivided.

7. Henking, H., 1891: "Ueber Spermatogenese und derea Beziehung zur Eutwicklung bei
Pyrrhocoris apterus." Zeitsch. f. Wissensch. Zool. Bd. XXV.

8. Vom Rath, C, 1892: "Zur Kenutniss der Spermatogenese von Gryllotalpa vulgaris."
Archiv f. Mikro. Anat., Bd. XI.

8. Wilcox, E. v., 1895: " Spermatoe-onesis of Caloptenus femur-rubrum and Cicada tibi-
cen." Bull. Mus. Comp. Zool., vol. XXVII.

10. Moore, J. E. S. : "On the Structural Changes in the Reproductive Cells during the Sper-
matogenesis of Elasmobranchs." Quart. Journ. Micr. Sci., vol. XXXVIII.

11. Wagner, J., 1896: " Beitrage zur Kenutniss der Spermatogenese bei den Spinuen." Arb.
Nat. Qes., St. Petersburg, vol. XXVI.

12. Montgomery, T. H., jr , 1898 : The Spermatogenesis of Pentatoma up to the Formation of
the Spermatid." Zool. Jahrb. Bd. XII.

13. McClung, C. E., 1899, loc. cit.

14. Paulraier, F. C, 1899, loc, cit.
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McClung,^'^ in a later paper, describes the accessory chromosome as

occurring in Hippiscus. In the spireme stage it is to be seen as a

large, densely staining homogeneous body, in close contact with the

nuclear membrane. In a later stage it leaves its peripheral position

and takes on the appearance of a longitudinally split rod. It is di-

vided by the first maturation mitosis, but in the second passes over

bodily into one of the daughter cells. In Scolopendra, as far as I

have observed, the accessory chromosome shows no sign of division in

the prophase and goes to the equatorial plate as a spherical body.

Sutton,^*' in his article on "The Spermatogonial Divisions in

Brachystola magna" describes the behavior of this element in the

spermatogonia. He throws much stress on the individuality of this

element, for, as he conclusively shows, "It maintains throughout the

spermatogonial divisions, as well as those which follow, an indubitable

independence, being enclosed at all stages, except those of actual di-

vision, in its own individual membrane.*' As I have shown, quite a

different condition exists in the pseudo-germinal-vesicle stage of

Scolopendra, for at this stage all the chromatin of the cell is con-

densed into one deeply staining, homogeneous mass.

Montgomery,^' in his article on Peripatus, fails to find an accessory

chromosome, but describes a body which behaves very much like this

element. He gives at length his reasons for not considering it the

"chromatin nucleus." However, I believe he is mistaken, and that

the element described is, in truth, the accessory chromosome.

In comparing the accessory chromosome found in Scolopendra

with that described by these investigators, several points of difference

are observed as well as many points of similarity. Its origin, staining

reaction and its behavior in the early spermatocytes are very similar

to that in insects, but in its behavior in the pseudo-germinal-vesicle

stage, and in the succeeding stages, it is quite different. As I have

shown, it seems to act as a reservoir in which is deposited practically

all of the chromatin of the nucleus. At this stage it is enormous as

compared with its former size. In the later prophase, part of the chro-

matin forming this mass leaves the accessory chromosome and col-

lects in diffuse granular masses, which eventually form the tetrads as

described. At this time the accessory chromosome loses its regu-

lar outline and becomes granular toward the outside. When the

tetrads are formed, however, it again assumes its homogeneous char-

acter and regular outline, but has decreased in size until it is no larger

than the ordinary chromosome in the metaphase. It can be readily

distinguished from the other chromosomes up to the time of the dis-

15. McClung, C. E., 1900, loc. cit.

16. Sutton, W. S., 1900, loc. cit.

17. Montgomery, T. H., jr., 1901 : "The Spermatogenesis of Peripatus up to the Formation
of the Spermatid." Anat. An. Bd. XVI.



BLACKMAN: SPERMATOGENESIS OF THE MYRIAPODS. 73

integration of the nuclear membrane. It goes to the equator without

previous sign of division.

Tetrad Formation. The typical process of tetrad formation in

insects, as described by Paulmier^*^ in Anasa and McClung'" in Ilip-

piscus, is as follows : The spireme splits lengthwise and segments

into a number of rods equal to the maturation number of chromo-

somes. These double rods shorten, become more finely granular, and

split again transversely. At this time the typical form is represented

by the cross-like figures shown in the plates ( figs. 5, 6, 7), although

there are many modifications. These cruciform masses condense, be-

come homogeneous, and stain more transparently.

I have already described the process of tetrad formation in Scolo-

pendra. In the formation of the tetrads from the diffuse, flaky mass

of chromatin arising in the pseudo-germinal-vesicle stage there seems

to be no definite splitting of the segment, but the chromatin seems

to collect more densely at certain areas, and thus to form the tetrad

figures.

As regards the sequence of the longitudinal and cross divisions of

the chromosomes, there seems to be much difference in the results of

various investigators on arthropods. Several observers, among whom
are Vom Rath,-" Paulmier,'^' and Montgomery j'^'^ describe the transverse

division as occurring first. Hacker-'^ and McClung,'-^ however, find

that the first is the equation and the second the reduction division.

McClung lays especial stress upon the importance of the later pro-

phase of the spermatocyte in determining the sequence of the follow-

ing divisions. His point seems to be very well taken, and, as in

Scolopendra, as well as in Ilippiscus, the longitudinal cleavage is

the first one made manifest in the prophase. I believe that the first

mitosis results in the longitudinal division of the tetrads.

The Budding of the Nucleus. In the male germ-cell, nothing

has been described, I believe, which corresponds to that peculiar

structure which I have called the itomere. In the egg-cells of various

animals, however, a structure, similar in origin and, in some respects,

in function, has been reported by several investigators. This is the

yolk nucleus, as described by Blochmann, Scharff, Balbiani, and

others.-'" In the material upon which these investigators worked, the

yolk nucleus is derived from the chromatin reticulum of the nucleus

18. Paulmier, F. C, 1889, loc. cit.

19. McClung, C. E. 1900, loc. cit.

20. Vom Rath, O., 1S92, loc. cit.

21. Paulmier, F. C, 1899, loc. cit.

22. Montgomery, T. H., jr., 1898 and 1901, loc. cit.

23. Hacker, V., 1897; "Uebei- weitere Uebereinstimmungen zwischen den Fortpflanzungs-
vorgangen der Theire uiid Pflanzen." Biol. Cent., vol. 17.

24. McClung, C. E., 1900, loc. cit.

25. Wilson, E. B., 1900: "The Cell in Development and Inheritance."
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by the process of budding. A protuberance appears upon the nucleus,

is constricted ofiP, and, passing out into the cytoplasm, serves as a

center around which the food substance of the cell is formed.

Thus, although the origin is similar in some respects to that I have

described for the itomere in the spermatids of Scolopendi'a, its later

behavior is very different. The itomere migrates through the cyto-

plasm, and is cast out through the cell-wall. The movement of this

structure through the cytoplasm is accompanied by the formation of

yolk material and the rapid growth of the cell, but its most important

function is quite different. In its migration toward the cell-wall it

seems to organize the cytoplasm and to mark out the course of the

future axial filament.

The Origin of the Axial Filament. Regarding the origin of

the axial filament there seems to be much unanimity of opinion

among the more recent investigators. In 1895 Moore-*' found that,

in elasmobranchs, the axial filament is formed by the elongation of

the centrosome. Quite similar results were obtained by other inves-

tigators on the elasmobranchs, and in mammals and amphibians a

like origin is ascribed to this element.

As regards its formation in arthropods, Paulmier-', in Anasa, speaks

of the axial filament as an outgrowth of the centrosome. Whether

by this he means that, beginning with the centrosome at the base of

the nucleus, the cytoplasmic reticulum is progressively condensed, or

whether he believes it to be formed by a mere elongation of the centro-

some, as in elasmobranchs, I cannot determine.

In either case its origin does not correspond to that in Scolopendra.

In this material it certainly is not an elongation of the centrosome,

and, just as surely, is not a progressive condensation of the cytoplas-

mic reticulum, for at all stages all parts of the axial filament stain

exactly alike. In my observations I have attempted to exjjlain the

true origin of this structure, and it will not be necessary to repeat it

here.
V.— SUMMARY.

1. The spermatocytes, as they arise from the diffuse stage succeed-

ing the telophase of the last spermatogonial division, are small cells

with very little cytoplasm, the nucleus filling nearly the entire cell

body. The chromatin, with the exception of the accessory chromo-

some, becomes arranged in a spireme, and the proportional amount of

cytoplasm is much increased.

2. The spireme breaks down, and a fine, weakly staining reticulum

is formed. This becomes finer and less prominent until it is no stronger

than the cytoplasmic reticulum. Meanwhile the accessory chromo-

26. Moore, J. E. S., 1895, loc. cit.

27. Paulmier, F. C. 1899, loc. cit.
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some has increased enormously in size, much out of proportion to the

rest of the nucleus.

3. At this stage the appearance of the nucleus corresponds very

closely to that of the germinal vesicle in the egg-cell. The cytoplasm

has greatly increased, and large masses of yolk substance have ap-

peared, surrounding the nucleus. On account of these characteristics

this stage has been called the pseudo-germinal-vesicle stage.

4. The chromatin appears after the j)seudo-germinal-vesicle stage

in the form of diffuse masses of chromatin, which quickly take on the

cruciform shape characteristic of the typical insect tetrad.

5. At the time of the formation of the tetrads, the accesisory chro-

mosome has decreased much in size and its outline has become irregu-

lar. Later it again becomes spherical, and at this period is of about

the size of a chromosome in the metaphase.

6. Soon after the formation of the tetrads, the centrosome appears

in the mass of deutoplasm as a dumb-bell-shaped bodj'. It moves to-

ward the nucleus, separates, astral rays are developed, and the centro-

somes move apart upon the membrane. When they have reached

points about 100 degrees apart the nuclear membrane disintegrates,

and the chromosomes are drawn into the equatorial plate. That part

of the membrane over which the centrosomes have not passed disap-

X)ears first, the rest persisting for some time.

7. The accessory chromosome, freed of its surplus chromatin, can

be distinguished up to the disappearance of the nuclear membrane,

when it is drawn into the plate with the other chromosomes. It has

previously shown no sign of division.

8. The short spindle thus formed lengthens, and the chromosomes

are drawn more into the equatorial plate. Astral rays may be dis-

tinctly seen connecting the centrosomes and the cell membrane.

The centrosomes move apart again to a point a short distance from

the cell-wall. The mantle fibers no longer converge toward the cen-

trosomes, but toward the point (the apical point) occupied by them

before their last migration. Between the apical points and the centro-

somes the mantle fibers are drawn out into parallel threads. At this

time the centrosomes have changed their form to that of a cone, with

their apices directed toward the point of the spindle.

9. By the contraction of the astral rays the centrosomes are drawn

to the cell-wall, where they are flattened out into hemispherical bodies.

Synchronously the mantle fibers contract, the chromosomes are sep-

arated, and the two daughter groups are drawn toward the poles and

take up their final jjositions at the apical point.

10. The second spermatocytes can be distinguished from the first

only by the shape and size of the chromo.somes.

11. Soon after the formation of the membrane, after the last ma-
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turation division, a portion of the nucleus buds ofP, and, passing

through the cytoplasm, is extruded from the cell. This is the itomere.

12. The protrusion and casting out of the itomere is accompanied

and succeeded by the formation of yolk masses and by a great increase

in the size of the cell.

13. The pathway left by the itomere, on its passage through the

cytoplasm, persists and becomes stronger as the cell advances in de-

velopment. It marks out the course later taken by the axial filament.

14. The axial filament is not formed by an elongation or outgrowth

of the centrosome, but by the condensation of the cytoplasmic re-

ticulum, along the line marked out by the itomere in its passage to

the cell wall.

Laboeatoet of Zoology and Histology,
University of Kansas.





PLATE V.

Note.— All drawings were made by the author, with the aid of a camera lucida.

A Bausch & Lomb one-twelfth-inch objective and one-inch eyepiece were used.
Length of tube, lG5mm.; camera lucida arm., 95 mm.; magnification, about 1000
diameters. Drawings not reduced in reproduction.

Fig. 1. Early spermatocyte, showing small size of cell and relatively large size

of nucleus.

Fig. 2. Later stage. The chromatin in the spireme condition. The cell has

grown somewhat and the amount of cytoplasm especially has increased. The
dark body at one side of the nuclear cavity is the accessory chromosome.

Fig. 3. Considerably later stage. Cell has increased in size. The spireme is

broken down and stains diffusely. The accessory chromosome has increased

much in size. Yolk masses in a halo around the nucleus.

Fig. 4. The j^seudo-gei'minal- vesicle stage. The chromatin, with exception

of accessory chromosome, arranged in a diffuse reticulum. The accessory

chromosome is at its maximum size and contains practically all the chromatin

of the nucleus.

Fig. 5. The chromatin is reappearing in the form of tetrads. The accessory

chromosome has decreased much in size. Yolk mass at one side of nucleus.

Fig. 6. Later stage in tetrad formation, showing several modifications of the

typical form.

Fig. 7. Later prophase. Tetrads shorter and more massed. Accessory chro-

mosome plainly distinguishable. Centrosome first seen at this stage as a

dumb-bell-shaped figure in the mass of dentoplasm.

Fig. 8. The centrosome has mov^d toward the nucleus. Astral rays have

formed.

Fig. 9. The centrosomes have reached the membrane and, having separated,

have begun their migration apart.

Fig. 10. Centrosomes still further apart.

Fig. 11. Late prophase. The membrane has partly disappeared and the mantle

fibers are seen connecting the centrosomes and chromosomes.

Fig. 12. Stage somewhat earlier than fig. 11.

Fig. 13. Later stage, showing the short spindle. Chromosomes are arranged in

the equator. Astral rays are seen extending to th6 cell membrane.

Fig. 14. The spindle has elongated and the chromosomes show signs of division.

Fig. 15. Slightly later stage. *
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Fig. 16. Later metaphase, showing peculiar character of spindle, with the man-
tle fibers converging at the apical point. Centrosomee are conical in shape.

Astral rays connect centrosome and cell membrane.

Fig, 17. Early telophase of first spermatocyte division, showing the position of

the daughter groups of chromosomes. The centrosomes are hemispherical

in shape and are flattened against the cell membrane.

Fig. 18. Later telophase, showing division membrane. The section is cut in such

a plane that the persisting spindle remains do not show.

Fig. 19. Polar view of telophase of first spermatocyte.

Fig. 20. Telophase showing persisting spindle remains. Mid body in the form of

a ring.

Fig. 21. Metaphase of second spermatocyte division.

Fig. 22. Telophase of second spermatocyte. The cell-wall shows signs of con-

striction.

Fig. 23. Later telophase. The chromosomes are distributed throughout the

nuclear vesicle. Spindle remains persist. Centrosomes still on the cell mem-
brane.

Fig. 2i. Early spermatid.

Fig. 25. Later stage, showing the protuberance upon one side of the nucleus

preparatory to the constriction of the ifomere.

Fig. 26. Later stage in the protrusion of the itomere.

Fig. 27. Still later stage, with the itomere in the cytoplasm midway between the

nucleus and the cell-wall.

Fig. 28. Cell, showing the itomere extending from the nucleus to the cell-wall.

Fig. 29. Stage showing the itomere near the cell-wall. The pathway left by it

in its passage through the cytoplasm is plainly visible.

Fig. 30, Later stage, showing the itomere extruded from the cell. Its course

through the cytoplasm is still to be seen. The nucleus is still open at the

place of constriction. The centrosome is seen upon one side of the opening.

The cell has increased much in size.
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Fig. 31. Considerably later stage. The itomere has disappeared. The cell has

grown much in size. The path left by the itomere is more marked than be-

fore.

Fig. 32. About the same stage, showing a cross-section of the forming axial fila-

ment, with the fibers of the cytoplasmic reticulum radiating from it.

Fig. 33. Later stage. The axial filament more nearly formed. The centrosome

has moved nearer its base.

Fig. 34. Later stage in the formation of the axial filament. The cell has begun
to elongate. The cytoplasm is broken up into elongated vacuoles extending

parallel to the axial filament.

Fig. 35. Much later stage. The cell body has elongated a great deal. The
membrane of the posterior part of the cell has disappeared. On the side of

the nucleus opposite the insertion of the axial filament there is a large trans-

parent acrosome. At this stage the nucleus has reached its greatest size.

Fig. 36. About the same stage of a smaller cell. Acrosome not shown in the

section.

Fig. 37. The nucleus has become condensed and elongated. The acrosome

stains more densely. The cytoplasm contains strands of linin extending

parallel to the axial filament.

Fig. 38. The nucleus has become still further condensed and has elongated con-

siderably. Acrosome stains darker.

Fig. 39. The nucleus is still more condensed and takes a black stain. Acrosome
also stains more strongly.
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Lantern or Stereopticon Slides.

Duplicates of the extensive collection of original Lantern Slides, made ex-
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ACTION OF LIQUID AMMONIA ON ACID CHLORIDS
AND ESTERS.

BY EDWARD BARTOW AND DAVID F. MCFARLAND.

The product of the action of ammonia gas or an ammonium com-
IDOund on an ester of an organic acid, or on an acid chlorid, is gener-

ally an acid amid. This fact is so well recognized that it is given as a

general method for the preparation of acid amids. It is stated thus in

Beilstein's Handbuch der Organischen Chemie, volume I, page 1232 :

"Die Amide entstehen bei der Einwirkung von Ammoniak auf die

zusammengesetzten Aether organischer Sauren. Es ist angezeigt,

bei moglichst niederer Temperatur zu arbeiten und freie Alkohole
fern zu halten ( Bonz, Ph. Ch. 2, 900). In der Kalte verlauft die re-

action sehr langsam, rascher beim Erhitzen unter Druck. . . .

Leichter erhalt man die Amide beim Behandeln der Anhydride mit

Ammoniak, am bequemsten aber aus den Chloriden und concentrir-

tem, wasserigem Ammoniak (oder trokenem Ammoniumcarbonat)."
It seems that the ammonia used for these amid syntheses has al-

ways been in the form of a gas, or combined in an ammonium com-
pound, and that no one has published results of experiments in which
liquid anhydrous ammonia was used as the source of the ammonia.
The commercial use of liquid ammonia in the manufacture of ice has

so cheapened it that it is now an adjunct to every well-equipped

chemical laboratory, and it affords a convenient source of ammonia
for many experiments. Its comparative purity and freedom from
moisture recommend it for some syntheses, and it was particularly on
account of these qualities that it seemed possible to use it for the syn-

theses of acid amids.

A series of experiments was undertaken, therefore, to ascertain,

first, whether acid amids could be obtained by the action of liquid

ammonia on acid chlorids; second, whether they could be obtained

from esters ; third, the conditions governing such reactions ; and
fourth, when amids are not formed, to ascertain what products are

formed.

6-K.U.Qr. A-x 3 [79]-K.U.Qr.-A x 3-.Jul.v, 'CI.
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The ammonia used in the following experiments was the commer-
cial product. It was drawn directly from the cylinder into Dewar
tubes, or more commonly into flasks, insulated by placing them in

beakers and filling the sj^ace between the neck of the flask and the

sides of the beaker with cotton. This seemed quite effective in pre-

venting too rajjid evaporation of the ammonia.

ACTION OF LIQUID AMMONIA ON ACID CHLORIDS.

The chlorids first used were those of mono-, di- and trichloracetic

acids. Our experiments were carried on as follows : The chlorid was

dropped slowly from a dropping funnel into a small insulated flask

containing liquid ammonia. This produced a violent reaction, due

not only to reactive tendencies of the two substances, but also to

the great difference in their temperatures. The chlorid at the tem-

perature of the room was fully 60^ warmer than the boiling ammonia

;

consequently, dropping the warm chlorid into the cold ammonia
caused the latter to boil violently. So violent was the reaction that

dense white fumes, probably composed of a mixture of the amid and

ammonium chlorid, were given off. This loss was overcome, to a large

degree, by cooling the chlorid to the temperature of boiling ammonia,

by immersing the vessel containing it in a bath of ammonia, and then

dropping ammonia into the cooled chlorid. When the first reaction

was over the mixture was treated with an excess of ammonia, which

was then allowed to evaporate. The amids were then obtained pure

by extracting the white residue with chloroform.

By this method the amids of the three chloracetic acids were ob-

tained. They were identified by their characteristic melting-points,

and this identification was supplemented in two of the compounds by

chlorine determinations according to the method of Carius.

I. 0.1721 g. substance gave 0.3^82 g. AgCl.

Calculated for dichloracetamid, . . Found.

CHC1-.C0NH.2

CI 55.41% 55.76%

11. 0.0731 g. substance gave 0.1952 g. AgCl.

Calculated for trichloracetaraid, . . Found.

CCI3CONH2
CI 65.49% 66.02%

This method, which has proved so successful in preparing chlor-

acetamids, did not, however, succeed with acetamid itself. A similar

treatment of acetyl chlorid with liquid ammonia gave a mixture which

possessed the unmistakable odor of acetamid ; but, thus far, our at-

tempts to obtain crystals of acetamid have been unsuccessful.

With bromacetyl chlorid a white mass was obtained, which did not
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melt at 200
', but which turned red when heated or allowed to stand

for some days. No amid was isolated. The only other chlorids tried

in this way were benzoyl chlorid and sulfuryl chlorid. From these

benzamid and sulfamid were obtained.

The chief drawback in the above method is the difficulty of freeing

the amid from the ammonium chlorid which is formed at the same

time. Up to this time we have been prevented from further experi-

ments with chlorids by our lack of pure specimens. When such

specimens are secured, the experiments will be continued.

ACTION OF LIQUID AMMONIA ON ESTERS.

Since the action of aqueous and alcoholic ammonia on esters of or-

ganic acids will cause the formation of amids, sometimes even in the

cold, a series of experiments with liquid ammonia and the esters

promised good results. The expected reaction is as follows

:

KCOOC -H, + NH3=RCONH2+ CiHsOH

for the ethyl esters, and, more general,

KCOOR'+ NH3==RCONH2+ R'OH.

Authorities differ as to the effect of alcohol on amid synthesis.

One (Bonz, Ph. Ch. 2, 900) says free alcohol must not be present.

Another uses alcoholic ammonia in the synthesis. It would seem to

us that no general statement should be made, since, in some of our

experiments, we easily obtained well-crystallized products, while in

others no crystals were obtained ;
possibly because of the alcohol

formed by the reaction.

The method of procedure was similar to that used with chlorids.

The ester was dropped into the liquid ammonia contained in a small

crystallizing dish insulated by cotton. A large excess of ammonia

was used— from six to ten times the bulk of the esters. The dish was

covered with a ground-glass plate and allowed to stand until the am-

monia was all evaporated. When a crystalline residue was obtained,

i,t was dried on a porous plate and a melting-point determination

made. The reaction between the esters and the ammonia is not vio-

lent, as when chlorids are used, so that when crystals can be ob-

tained the method is much better than the chlorid method.

Forty-two esters have been treated in this way. From nine of

them, crystallized compounds were obtained which had melting-

points corresponding to the melting-points given for the respective

amids in the literature on the subject. Two gave compounds with

higher melting-points, and seven gave products, with high melting-

points, that were probably decomposition products. The remainder

were apparently not acted upon.

The first esters tried were those of the chloracetic acids. These
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gave such good results that, by analogy, it might have been expected

that the method would be general in its application. The yield of

amid in each case was quantitative ; and they were, moreover, pure

and well crystallized, yet, with the exception of cyanacetic ethyl ester,

no others have given as good results.

The reaction, too, was much less violent than the one accompany-

ing the formation of the amids from the chlorids. The esters and the

ammonia mix with little rise in the temperature of the ammonia.

Cyanacetic ethyl ester gave a well-crystallized body which melted

at 118°, agreeing with the melting-point of the substance given by

Henry (Bl. 48, 656), but differing from that assigned by Hoff 105°

(J. 1864,561).

The ethyl esters of the fatty acids were tried, as follows : Formic,

acetic, propionic, butyric, valeric, caprylic, and pelargonio. None of

these yielded amids except pelargonic acid ethyl ester, which gave

crystals mixed largely with the unchanged ester. When these crys-

tals were freed from the ester, they gave a melting-point of 99^ agree-

ing with that given by Hofmann (B. 15, 984).

From the results above described, it seemed probable that the sub-

stitution of one or more hydrogen atoms in the alkyl radical of the acid

by the halogen had some influence upon the readiness with which an

amid could be formed. To test this hypothesis, the action of am-

monia on the esters of a number of substituted fatty acids was inves-

tigated, with the result that we have thus far obtained amids from

only two of them, dibromacetic ethyl ester and chlorpropionic ethyl

ester. Substances were obtained from these whose melting-points

correspond to those recorded in chemical literature. From some

of the others crystalline products were obtained, but the melting-points

varied from those recorded for the expected amids. For instance,

from the bromacetic ethyl ester a mass of white cubical crystals was

formed, which did not melt below 200°, which sublimed at high tem-

peratures, and which turned red on being heated or after standing a

a few days. This substance seems to be a mixture of ammonium bro*

mid and some other compound, which we have not yet separated

and identified, but which is possibly glycinamid or amidoacetamid.

From tribromacetic acid ethyl ester white crystals were obtained

which melted at 45° instead of 120°, the temperature at which tribro-

macetamid should melt ( Brezina, J. 1881, 673). The composition of

this substance has not yet been determined. Bromin substitution

products of esters of some of the higher fatty acids give solid resi-

dues resembling that obtained from bromacetic acid ester and proba-

bly consisting of ammonium bromid and decomposition products.

The only chlorin substitution product besides the chloracetic
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ethyl esters which was available was chlorpropionic ethyl ester.

Thus far the only product obtained from this ester has shown a melt-

ing-point of 72°, which is lower than that assigned to chlorpropion-

amid, (80"), by Beckurts-Otto (B. 9, 1592).

From the foregoing, it appears that the presence of chlorin or

cyanogen in the alkyl radical aids in the formation of amids, while

the weaker halogen bromin generally causes the compound to break

up with the formation of ammonium bromid and decomposition prod-

ucts. We have tried, also, the action of a few esters in which the

hydrogen of the alkyl is substituted by an organic radical. These

radicals do not seem to aid in amid formation. From ijhenylacetic

ethyl ester we have obtained no results. From benzoylacetic ethyl

ester a small amount of a substance was obtained, which melted at

167°. This substance is apparently not identical with the benzoyl-

acetamid of Obriga (A. 266, 232), which melted at 113°.

Acetacetic acid ethyl ester gave a white crystalline substance,

which, as the temperature rose to that of the room, quickly liquified,

forming a yellow oil. This is undoubtedly the same substance men-

tioned by Collie (A. 226, 298), who says that at 0° acetacetic acid ethyl

ester absorbs dry ammonia gas directly, forming an unstable addition

product, CeHioOsNHs, which quickly goes over into amidocrotonic

acid ethyl ester, CeHnNO-i.

From the esters of dibasic acids, there were available those of ox-

alic, malonic, succinic and tartaric acids. Two of these only, oxalic

and tartaric, gave amids by the above method. The oxamid formed

very readily as a white, crystalline powder. It did not melt when

heated to 200°, but sublimed at higher temperatures. From tartaric

acid ethyl ester, after two treatments with ammonia, a small quantity

of a substance, melting at 166°, was obtained. We can find no au-

thority for a melting-point of tartramid.

The action of ammonia on the ethyl esters of lactic, laevulinic and

citric acids was also investigated. None of these seemed to be

changed by the treatment, except that the citric acid ester became

slightly blackened.

Four esters of aromatic acids were tried, ethyl benzoate, methyl

benzoate, ethyl phthalate, and ethyl salicylate. Of these the phthalic

ester gave a white crystalline compound, which melted at 175°. The

melting-point of j^hthalamid, according to Billow (A. 236, 188), is 219°.

Four other esters have been treated in this manner. Two of them,

orthoformic acid ethyl ester and ethyl carbonate, showed no change,

but with ethyl chlorcarbonate a vigorous reaction took place ; dense

white fumes were formed, and a considerable quantity of an amor-

phous white substance was left in the vessel. This did not melt
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when heated to 200° but was partly soluble. We have not yet deter-

mined whether the substance is ammonium chlorid or whether some
of the possible substances have been formed.

ACTION OF ESTERS AT HIGHER TEMPERATURES.

Our failure to obtain some amids by the above method might be

due to the low temperature at which the reaction must take place,

when the ammonia is boiling under ordinary pressure. Therefore, we
attempted to get a more rapid and more complete reaction by heating

the mixture of the ester and anhydrous ammonia. The esters were

each sealed, with about four times their bulk of liquid ammonia, in

strong glass tubes. In one series of experiments these were allowed

to warm to the temperature of the room, and in a second series they

were heated to 60° or 70°. The tubes were kept sealed for at least

twelve hours. They were then cooled with boiling ammonia, opened,

the ammonia evaporated off, and the residue examined.

Eight esters, selected as being types of various acids, were treated

in this way. Of these, acetic acid ethyl ester gave no definite results.

Acetacetic acid ethyl ester formed a mass of crystals which remained

for some time after the ammonia was evaporated, but which soon liq-

uified on exposure to the air, forming an oily yellow liquid. We have

not yet obtained a satisfactory melting-point for these crystals. Some
of the crystals were at once sealed in a glass tube, and have been

preserved in this way for more than a year.

Malonic acid ethyl ester formed white crystals of malonamid, iden-

tified as such by the melting-point, 170° (Hoff, J. 1875, 528).

Pelargonic acid ethyl ester formed a soapy mass when treated in

this way. From this mass, crystals of pelargonic amid were obtained.

The result agrees with that from ammonia at its boiling-point under

ordinary pressure.

Succinic ethyl ester, benzoic ethyl ester, benzoylacetic ethyl ester

and ethyl carbonate gave no results.

In the second series of experiments, in which the tube containing

the ester and ammonia was heated to 60° or 70° in a water-bath, six

esters were used. Acetic ester gave a product which had the charac-

teristic odor of impure acetamid, but we have not yet succeeded in

isolating the pure substance. Tartaric acid ester formed the same

white crystalline substance that was formed in the cold.

From benzoic ethyl ester, succinic ethyl ester, valeric ethyl ester

and benzoylacetic ethyl ester no results were obtained.

With only one of the esters tried— malonic acid ethyl ester— have

we had better results at higher temperatures than with the mixture of

ester and ammonia at the boiling-point of the liquid ammonia.
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CONCLUSION.

The few acid chlorids tried, except bromacetylchlorid, gave amids.

In our experiments with chlorids and liquid ammonia, we have pre-

pared the amids of the three chloracetic acids and benzamid. Mr.

O. F. Stafford has prepared sulfamid.

A few esters, especially the chloracetic ethyl esters, gave better re-

sults in forming amids, and the operation was more easily carried out

than with the corresponding chlorids. We have, by the addition of

esters to liquid ammonia, prepared the amids of the three chloracetic

acids, of dibromacetic acid, cyanacetic acid, chlorpropionic acid,

pelargonic acid, oxalic acid, and tartaric acid. Malonic acid amid was

formed only at a higher temperature.

A few esters gave substances whose melting-points varied from

those of expected amids found recorded in chemical literature.

Many of the esters tried have given no well-crystallized amids un-

der the conditions which prevailed in these experiments. The causes

for this may be conjectured : First, the low temperature of the reac-

tion, as shown in the case of malonamid, which was not formed at the

temperature of boiling ammonia, but which form in a sealed tube at

the temperature of the room ; second, the short time for the reaction

allowed by the evaporation of ammonia from open vessels ; third, the

reaction of ammonia on esters is reversible, and is even prevented by

excess of alcohol (Bonz, Ph. Ch. 8, 900).

We hope to carry our experiments farther, to identify the rest of

the substances obtained, and to study the action of liquid ammonia
on the esters at higher temperatures and in the presence of diluting

media, such as ether and benzene.





A NEW THEORY OF COLLINEATIONS IN SPACE, 11.

BY H. B. NEWSON.

Note.—In this journal, Series A, Vol. VI, pp. 63-69, and Vol. IX, pp. 65-71, the writer has

enumerated, discussed and constructed the thirteen types of collineations in space ; also in

volume X, No. 2, the properties of the fundamental group, GaCABCD) of type I were dis-

cussed. In the present paper the same thing is done for types II, III, and IV. In future papers

the remaining types of collineations in space will be treated in the same manner. This series

of papers will then be extended to include the synthetic determination and discussion of all

real continuous groups of collineations in space and their classification according to the thir-

teen types.

A knowledge of the corresponding theory in one and two dimensions is assumed on the part

of the reader. A memoir on "A New Theory of Collineations in the Plane," though written

earlier than the papers of this series, will appear some months hence in the American Journal

of MaOiemalict;. The memoir treats of all real and imaginary collineations in the plane.

The projected papers, of which the present is the second, are designed to develop completely

my theory of real collineations in space. The extension of the theory to include all real and

imaginary collineations is so easy that it will readily be made by most readers. The papers

will be published in this journal as rapidly as possible.— H. B. N.

A.— On the Group of Collineations Gi(ABCI) of Type II

and its Subgroups.

The real collineations in space of type II show two subtypes, viz.,

hyberbolic and elliptic. In the first subtype the invariant figure is

real in all of its parts ; in the second subtype the j3oints B and C are

conjugate imaginary, and hence the lines AB and AC and the planes

ABl and ACl are also conjugate imaginary. These two cases must be

treated separately.

§1. The Group hG3(ABCl) and its One-parameter Subgroups.

The grcmp hGz{ABCl).—A collineation T of type II is com-

pletely determined by the position of its invariant figure (ABCl)
and three parameters k, k' and t. k is the constant cross-ratio along

AB, k' that along AC, and t is the parabolic constant of the trans-

formation along AC. In the hyperbolic case these three parameters

are all real and independent of one another, and hence there are cc^

collineations, leaving the figure h(ABCl) invariant; they form a

three-parameter group liG3(ABCl).

Theorem 1. The aggregate of all collineations of type II having

the same invariant figure h(ABCl) forms a three-parameter group

hGsCABCl).

One-parameter suhgroups of h G-i{ABCl )

.

—The group hG:!(ABCl)
contains cc- one-parameter subgroups, as we shall now show. Let us

[87J-K.U.Qr.-A x 3-July, '01.
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put k'=k^"'', and k= a*; i. e., k= a* and k'^a'^""")*, where a and r are

two real constants. We consider now the system of collineations in

hG3(ABCl) whose parameters satisfy these relations.

Let T and Ti be two collineations whose parameters are a*, a*^"'")^ t,

and a^, a(^"'')^, ti, respectively. Their resultant, To, has the parameters

a.h, a'^''")*2, U where t2= t-|- ti. Since there is only one variable para-

meter, t, this system contains cc^ collineations : these form a one-

parameter group, since the resultant of any two collineations of the

system is again a collineation of the system. Such a one-parameter

group is designated by hGi(ABCl)ai-.

There is a one-parameter group within hG3(ABCr) for each real

value of r and each positive value of a; hence hG3(ABCr) contains

Qc- one-parameter subgroups. The properties of one of these sub-

groups are the same as the jjroperties of a one-dimensional parabolic

group.

Theorem 2. The group hG3(ABCl) contains cc- one-parameter

subgroups ; for each of these subgroups a and r have fixed values, and
t is the variable parameter.

Invariant curves and surfaces of ]iGi{ABCl)iiY.—The one-para-

meter group hGi(ABCl) leaves invariant, besides the fundamental

figure h(ABCl) a system of cc- path curves and certain systems of

surfaces passing through these path curves. We find the equations

of these invariant surfaces as follows

:

Let (ABCD), where D is some point on 1, be the tetrahedron of

reference, and let T be a collineation of the group hGi(ABCl)
which transforms a point P whose coordinates are ( x, y, z, w ) to Pi

whose coordinates are (xi, yi, zi, wi). Pass planes through PAC and

PiAC Writing out the cross-ratio of the four planes through AC we
have

-:- = a', (1)

since this cross-ratio is the same as that along the line AB. In like

manner we derive the equations

|=a(i-)', (2)

t = x=a-", (3)

?f-7 = t. (4)

Suppose that P is a movable point and Pi fixed, so that any func-

tion of the coordinates of Pi only is a constant. Eliminating t from

(1) and (4) we get

za"^=Cx, I

which is the. equation of a family of invariant cones with vertices at
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C. In like manner eliminating t from (2) and (4), (1) and (2), and

(3) and (4) we have, respectively,

(l-r)"-

za ^==Cy, II

x-iy=-Cz^ III

rw

ya^=Ox. IV

Equations I, II, III give families of invariant cones whose vertices

are respectively at C, B, and A. Equation IV represents an invariant

family of ruled surfaces not conical.

We have thus found four families of ruled surfaces which are in-

variant under all the collineations of the group hGi(ABCl). The
path curves of the group are the cc- common intersections of these

families of surfaces.

Theorem 3. There are four distinct families of ruled surfaces

invariant under all the collineations of the group hGi(ABCl); three

of these are families of cones. The cc* curves of intersection of these

invariant surfaces are the path curves of the group.

§2. Two-parameter Subgroups of hGslABCl).

Tivo-parameter groups leaving invariant a family of surfaces.—
If r remains constant while a assumes in turn all real values between

and 00, and we have oc- one-parameter groups, all of whose trans-

formations leave invariant the family of cones given by equation III,

for the equation of this family of cones is independent of a. The path

curves of the a-J- one-parameter groups all lie on these cones. This

system of cc- collineations forms a two-parameter group hG2(ABCl)r;
the parameters of this group are a and t. The group hG3(ABCl)
contains oc^ two-parameter subgroups, one for each real value of r.

In like manner if a is constant and rvaries, we get a two-parameter

group, leaving invariant the family of cones given by equation I.

Again, if a and r vary in such a manner that a^^"^'^ is a constant, we
get a two-parameter group leaving invariant the family of cones given

by equation II. Finally, if a and r vary so that a'' is constant, we
have a two-parameter group whose invariant family of surfaces is

given by equation IV.

Thus we see that the group hG3(ABCl) contains four singly

infinite systems of two-parameter subgroups ; three of these systems

leave invariant families of cones, and one system leaves invariant a

family of ruled surfaces.

Theorem 4. The three-parameter group hG3(ABCl) contains four

singly infinite systems of two-parameter subgroups ; these are given

by r= const.; a= const.; a^'^"=con8t., and a''=const.
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§3. Some Properties of the Subgroups of hG3(ABCl).

Negative values of k and k'.—The three parameters of hG3(ABCl),

viz., k, k', t, are all real and each may assume in turn all real

values, both positive and negative. Let t, k and k' be taken to be

the rectangular coordinates, x, y, z, respectively, of a point in a space

S. Evidently there is a coUineation in hG3(ABCl) corresponding to

each point in S. The one- and two-parameter groups in hG-3(ABCl)

are represented by curves and surfaces in S. The system of curves

given by the equations

y^^a"" and z=a<^''^^'', V

in which a and r are parameters, represents the system of one-para-

meter subgroups of hG3(ABCl).

In order that the curves given by equations V shall be continuous

curves the value of a must be positive. The curve lies always on the

positive side of the plane y=0 and on the positive side of z;=0;

hence it is confined to the first and second octants. The curves of the

family y^=a^ and z=a(^"^'^'' contain every point in the first and second

octants but no points in the other six octants. Consequently the

group hG3(ABCl) contains transformations which are not in-

cluded in any of its subgroups. In fact, only one-third of all the

transformations in hG3(ABCl) are to be found in its subgroups; the

transformations for which k and k' are negative cannot be generated

from infinitesimal collineations in groujD hG3(ABCl).

The curves all pass through the point (0, 1, 1). This point cor-

responds to the identical transformation which belongs therefore to

every one-parameter subgroup of hG3(ABCl). Every curve of the

system is asymptotic to the axis of x, to the right or to the left according

as we have a<l or a>l.

Theorem 5. Only one-third of the collineations in the group

hG3(ABCl) belong to its one-parameter subgroups and are generated

from infinitestimal collineations in hG3(AB01).

§4. Some Special Subgroups of hGsCABCl).

Tioo-parameter subgroups of types VIII, IX, and XI.—The para-

meters k, k' and t in hGsCABCl) may have such values that the

transformation along one or more of the invariant lines of the figure

(ABCl) is identical, so that every point on such a line is an invariant

point. In such cases the collineations are of another type than II.

If t=0 and k and k' vary independently, the one-dimensional

transformation along Al is identical, and we have a two-parameter

subgroup of type VIII in liGsfABCl). If k'=k, the one-dimensional

transformation along BC is identical, and there results a two-para-

meter subgroup of type IX in hG3(ABCl). If k^l or k'^=l, the
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one-dimensional transformations along AB and AC, respectively, are

identical, and there results in each case a two-parameter subgroup of

typeXIinhG3(ABCl).
In terms of the parameters a, r and t the subgroup of type VIII

results when a=Gc; the subgroup of type IX results when r=0; the

two subgrovips of type IX result when r=l and cc respectively.

Theorem 6. The group hG3(ABCl) contains one two-parameter

subgroup of type VIII, one of type IX, and two of type XI.

Suhjroups of types VI, VII and X in hGz{ABCl).—If t= and
k= l, the transformation in the plane ABl is identical and leaves in-

variant all points in the plane. The corresponding collineations in

space are of type VI, C being the vertex and ABl the axial plane.

The remaining parameter k' gives us a one-parameter subgroup of

type VI in hG3(ABCl). In like manner, if t^=0 and k'=l, we have

a one-parameter subgroup of type VI whose vertex is B and whose
axial plane is ACl.

If k=l and k'=l, the coUineation in the plane ABC is identical,

the parameter t gives us a one-parameter subgroup of type VII in

hG:;(ABCl); A being the vertex and ABC the axial plane.

If t=^0 and k'= k, the one-dimensional transformations along AC
and BC are both identical ; there results a one-parameter subgroup of

type X in hG3(ABCl).

In terms of a, r and t the subgroup of type VII is given by a=l

;

the two subgroups of type VI are given by t=0 and r= l, t=0 and
r= GO, respectively ; the subgroup of type X is given by t=0 and r=0.

Theorem 7. The group hG3(ABCl) contains one one-parameter

subgroup of type VII, two of type VI, and one of type X.

Other special subgroups of liGi{ABCl).— There are only three

other special subgroups of hG3(ABCl) to be noticed; these are

when the path curves in the plane ABC are conies. These path
curves are conies for three values of r, viz., r=— 1, 2, 1/2. When
r=2 the conies have double contact at B and C; when r=— 1 or 1/2

the conies have double contact at A and C, A and B, respectively.

These are two-parameter subgroups of hG3(ABCl).

§5. The Elliptic Case eG3(ABCl).

Parameters of eGi{ABCl).— In the elliptic subtype of type II,

where the i^oints B and C are conjugate imaginary, the theory is

somewhat ditferent from that of the hyperbolic subtype. In the

plane ABC the two-dimensional collineations of the elliptic sub-

type and the parameters are given in the form k^ exp.(c + i)^; thus

c and d are the parameters. The three parameters of eGs are there-
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fore c, 9, and t. It is convenient to replace 6 by nt and thus have

c, n, t as the three parameters.

Let T and Ti be any two collineations of the group eG3(ABCl)
for which the i^arameters are c, n, t and ci, ni, ti, respectively. Let

the values of the parameters of the resultant be co, n>, U. We have,

therefore, t2=tH-ti, n2t2=nt+ niti, and c-2n2t-.>=:cnt+ ciniti.

One- and two-^tarametef subgroups of eG-i{ABCl).— If c and n

remain constant and only t varies, we get a one-parameter subgroup

of eGs. If c is fixed and n and t vary, or n fixed and c and t vary, there

result two-parameter subgroups. Thus we have two distinct singly

infinite systems of two-parameter subgroups and cc'^ one-parameter

subgroup of eG3(ABCl). The path curves of the one-parameter

subgroup are, except in very special cases, transcendental curves ; in

these special cases the subgroups are of other types than type II.

Special subgroups of eGi{ABCl).— If t=0 and c and 6 vary, the

transformation along the line Al is identical and there remains a two-

parameter elliptic subgroup of type VIII. When c=go, n=0,
cn±:0, the transformation along BC is identical, and there results a

two-parameter subgroup of type IX. When c=go, n=0, and cn=0,
the transformation in the plane ABC is identical, and there results a

one-parameter subgroup of type VII. When t^O, c=oo, n=0, and

cn=0, i. e., when the conditions for a two-parameter group of type

VIII and type IX are simultaneously fulfilled, the transformations

along both Al and BC are identical, and there results a one-parameter

subgroup of type X. The elliptic group eG3(ABCl) has no real

subgroups of types VI or XL
Theorem 8. The group eG3(ABCl) contains one two-parameter

group of type VIII and one of type IX ; also one one-parameter sub-

group of type VII and one of type X.

The group eG3(ABCl) contains one other two-parameter subgroup

worthy of special notice. When c=0 the path curves of the one-

parameter group of collineations in the plane ABC are conies having

double contact at B and C. This group derives its importance from

the fact that, in case the plane ABC is at infinity and the points B
and C are the circular points in the plane, it becomes the group of all

screw motions about the line 1 as an axis.
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B.^On the Group of Col/ineations Gz(ABIl') of Type III and its Sub-

groups.

§1. The GrRoup G3(ABir) and its One-parameter Subgroup.

77ie group Gz{ABll').—A real coUineation in space of type III

leaves invariant a figure (ABU') real in all of its parts, consisting of

two points A and B and their join ; two lines 1 and 1', the first

through A and the second through B ; and hence also the two planes

ABl and ABl'. The one-dimensional transformations along 1 and 1'

are both parabolic ; that along AB hyperbolic. The plane collinea-

tions in the invariant planes ABl and ABl' are both of type II.

A coUineation T of type III is completely determined by the posi-

tion of its invariant figure (ABU') and three parameters k, t, t'; k is

the constant cross-ratio along AB, t is the parabolic parameter along

Al, and t' that along Bl'. These three parameters are all real and

vary independently ; hence there are oc^ coUineations of type III,

leaving the fundamental figure (ABU') invariant; these form a

three-parameter grouj^ CT3(ABir).

Theorem 9. The aggregate of all coUineations of type III in space

having the same invariant figure (ABl'l) forms a three-parameter

group G3(ABir).

One-parameter sulxjrovps of Gz{ABU').— It will now be shown

that the group G3(ABir) contains cx"^ one-parameter subgroups.

Let k= a* and t'=nt, where a and n are constants; a is necessarily

positive. By imposing these conditions on the jDarameters k and t',

w^e select from G3(ABir) a system of cc^ coUineations. The proper-

ties of this system are now to be examined.

Let T and Ti be two coUineations whose parameters are respectively

a*, nt, t, and a'l, nti, ti. Their resultant. To, has the parameters a*2, n2t2,

U. For along Al we have t2=t+ tr, "along Bl' we have n2t2=nt+ mtr,

along AB we have k-2=kki=a^ a*i= a' + *i. Hence the system of co^

coUineations, whose parameters are a*, nt, t, forms a one-parameter

continuous group whose parameter is t. This group is designated by

Gl(ABll')a„.

There is a one parameter subgroup within G3(ABir) for each

value of n and each positive value of a; hence G3(ABU') contains

00^ one-parameter subgroups. The properties of one of these sub-

groups are the same as the properties of a one-dimensional parabolic

group.

Theorem 10. The group G3(ABir) contains tx- one-parameter

subgroups ; for each of these subgroups a and n have fixed values and

t is the variable parameter.

7-K.U.Qr. A-x3
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Invariant curves and surfaces of G\{ABll').—We shall now de-

termine the systems of invariant surfaces of the one-parameter group

Gi(ABir), whose intersections are the oc^ path curves of the group.

Let (ABCD), where C is some point on 1' and D some point on 1, be

the tetrahedron of reference ; and let T be a collineation of the group

Gi(ABir) which transforms a point P, whose coordinates are (x, y,

z, w) to Pi whose coordinates are ( xi, yi, zi, wi). Pass planes through

PAl, PiAL PAl', P:A1', PAB, and PiAB. We obtain at once the

following equations

:

^' — -^ = t'= nt, (1)

^— ^ = i, (2)

^:^ = a*. (3)z, z ^ '

By eliminating t from these equations of transforn^aHon we obtain

the following equations of invariant surfaces of Gi(ABir):

y= Ca^z, I

t

y= Ca""% II

(x— cy)z= nwy. Ill

Equations I and II represent families of transcendental ruled

surfaces while equation III always represents a family of quadric

surfaces. The intersections of these three systems of surfaces are the

path curves of the group Gi(ABir).

Theorem 11. There are three distinct families of ruled surfaces

invariant under all the collineations of the group Gi(ABir); two of

these families are transcendental surfaces and one is a family of

quadrics. These surfaces intersect in the path curves of the group.

§2. Two-parameter Subgroups of G3(ABir).

Subgroups imth transcendental invariant surfaces.— Let a, n and

t be the three parameters of Ga(ABir). If a remains constant

while n and t vary, we have a one-parameter subgroup all of whose

transformations leave invariant the family of transcendental surfaces

given by equation I. These form a two-parameter group, and there

is one such group for each positive value of a.

If a and n vary in such a manner that a" remains constant and t

varies independently, we get a two-i^arameter subgroup of G.;( ABU'),

leaving invariant the family of surfaces given by equation II. There

is one such subgroup for each value of the constant a".

Subgroups with invariant quadric surfaces.— If n remains con-

stant and k and t vary independently, we have a two-parameter sub-
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group, leaving invariant the family of quadric surfaces given by

equation III. There is one such subgroup for each value of n.

The lines 1 and 1' are two generators of the same system and AB a

generator of the other system on every invariant quadric. These in-

variant quadrics always have both systems of generators real.

Theorem 12. The three-parameter group G3(ABir) contains

three singly infinite systems of two-parameter subgroups. These are

given by a= const. ; a"= const.; and n= const. Every collineation of

type III leaves invariant a family of quadric surfaces.

§3. Some Properties of the Subgroup of G3(AB]r).

Graphic representation of suhgroups of Gz{ABU').—The three

parameters t, t', k of G3(ABir) are all real and may be taken as the

coordinates x, y, z, respectively, of a point in a space S. There is a

collineation of the group for each real point in S. The one- and two-

parameter subgroups of G3(ABir) are represented by curves and

surfaces respectively in S.

The surfaces given by the equations

z= a'' and y= nx

represent the two-parameter subgroups, and their curves of intersection

represent graphically the one-parameter subgroups of G3(ABir).

These curves representing the one-parameter subgroups lie entirely

in the space above the plane z=0. No collineation in G3(ABir)

with negative value of k belongs to one of its one-parameter sub-

groups. Consequently one-half of the collineations of the group can-

not be generated from infinitesimal collineations of the group.

The point (0, 0, 1) is on every curve of the system representing

the subgroups ; hence the identical collineation is common to every

one-parameter subgroup of G3(ABir). Other properties of these

groups are easily deduced from the properties of this family of curves.

Theorem 13. Only one-half of the collineations in G3(ABir) be-

long to its one-parameter subgroups and can be generated from the

infinitesimal collineations in Gs(ABir).

§4. Some Special Subgroups of GslABU').

Two-parameter subgroups of types IX and XII.—^The invariant

figure of a collineation of type III has three invariant lines, Al, Bl',

and AB. If t or t' is zero, the one-dimensional transformation along

Al or Bl', respectively, is identical, and the resulting collineation is

of type IX. If k and one of the t's vary while the other t is zero, we
have a two-parameter subgroup of GsfABU'). Thus G3(ABU') con-

tains two two-parameter subgroups of type IX.

If k= l, the one-dimensional transformation along AB is identical
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and all points on the line are invariant ; thus a transformation of this

kind is of type XII. If t and t' vary while k=l, we have cr? collinea-

tion of type XII, all having the same invariant figure and forming a

two-parameter subgroup of G3(ABir).

Theorem 14. The group G3(ABir) contains two two-parameter

subgroups of type IX and one of type XII.

One-paraiyieter subgroups of types VII and X.— If t=0 and k=l,

the coUineations in the plane ABl are identical, and the resulting

collineations in space are of type VII and form a one-parameter sub-

group. In like manner, if t'=0 and k= l, we have another one-para-

meter subgroup of type VII, ABl' being the axial plane and B the

vertex of its invariant figure. Thus CT3(ABir) contains two sub-

groups of type VII.

If t=^0 and t'=0 while k varies, the resulting oo^ collineations are

of type X and form a one-parameter subgroup of this type. Al and

Bl' are the two axes of the skew perspective collineation and k is the

parameter.

Theorem 15. The group G3(ABir) contains two one-parameter

subgroups of type VII and one of type X.

0,—On the Group of Collineations Gi(ABIp)of Type 11/ and its

Subgroups.

§1. The Group G4(ABlp) and its Subgroups.

T/ie group Gi{ABlp).—A real collineation in space of type IV

leaves invariant a figure (ABlp) real in all of its parts, consisting of

two planes p and p' intersecting in a line 1, two points A and B and

their join 1' in the plane p, A being on 1. The one-diraensional

transformations along 1 and 1' are parabolic and hyperbolic, re-

spectively. The two-dimensional transformations in the planes p and

p' are of types III and II, respectively.

A collineation T of type IV is completely determined by its in-

variant figure (ABlp) and four parameters k, t, n, h ; k is the constant

cross-ratio along AB, and t, n, h are the three parameters of group of

plane collineations of type III in the plane p. These four parameters

are all real and may vary simultaneously, thus giving go* collineations,

all having the same invariant figure. These form a four-parameter

group G4(ABlp).

Theorem 16. The aggregate of all collineations of type IV having

the same invariant figure (ABlp) forms a four-parameter group

G4(ABlp).

One-parameter subgroups of Gi{ ABlp).— The group contains
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cc^ one-parameter subgroups. To show this, let k=a' and let a, n and

h be constants. There are oc^ coUineations in the group G4(ABlp)

which satisfy these conditions. In the plane p the plane coUinea-

tions form a one-pararaeter group of type III, and in the plane ABl

they form a one-parameter group of type II. t is the single inde-

pendent variable parameter. These cc^ coUineations in space evidently

form a one-parameter group. There are cc^ such groups in G4( ABlp),

one for each positive value of a and each real value of n and

h. Such a one-parameter group is designated by Gi(ABlp)anh.

The properties of the group Gi(ABlp)anh are those of a one-para-

meter parabolic group in one dimension.

Theorem 17. The group Gi(ABlp) contains cx^ one-parameter

subgroups Gi(ABlp)anh; for each subgroup a, n and h are con-

stants and t is the variable parameter.

Invariant curves and surfaces of Gi{ABlj>)anh.—The systems

of invariant surfaces whose intersections are the path curves of the

group Gi(ABlp)anh are determined as follows: Let (ABCD), where

C is on 1 and D in the plane p, be the tetrahedron of reference.

and let T be a coUineation of the group Gi(ABlp) which transforms

the point P= ( x, y, z, w) to Pi=( xi, yi, zi, wi). From the properties

of the invariant figure we easily obtain the following equations of

transformation

:

i7-7 = t. (2)

ii= f+ntj + ft'+ht. (3)

By eliminating t from these equations taken two and two we ob-

tain the following

:

x = Ca"^z, I

X XX
Z_n?^^ + ^!-^^— h|^^=C, II
z log- a z ' 2 lug- a log a '

fy'-^-f hyz— wz = Czl III

These equations represent "the invariant families of surfaces whose

intersections are the path curves of the group. Equation III is a

system of quadric cones with vertices at B and the line AB as a com-

mon element.

Theorem 18. There are three distinct families of ruled surfaces in-

variant under all the coUineations of the group Gi(ABlp)anh. Two
of these families are transcendental surfaces and one is a family of

quadric cones.

Two- and three-parameter suhgronps of Gi{ABlp).— If a is con-
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stant and n, h, t variable, we have a three-parameter subgroup of

G4(ABlp). All collineations of this group GsfABlp) leave invariant

the family of surfaces given by 1. If n is constant while a, h and t vary,

we have another three-parameter group G3( ABlp)n. This group leaves

invariant a system of oc- quadric cones. There are thus two systems

of three-parameter subgroups of G4( ABlp), one for each positive value

of a and one for each real value of n.

If a and n are both constant while h and t vary, we have a two-

parameter subgroup of G4(ABlp). If h and n are both constant and

k and t vary, we have another two-parameter group. The invariant

surfaces are easily determined. Thus there are two systems of two-

parameter subgroups of G4(ABlp).

Theorem 19. The group G4(ABlp) contains two singly infinite

systems of three-parameter subgroups and two doubly infinite systems

of two-parameter subgroups.

Since k is both positive and negative, and since only these collinea-

tions with positive k can be generated from infinitesimal transforma-

tions of the group, it follows that only one-half of the collineations in

the group G4(ABlp) belong to its one-parameter subgroups.

§2. Some Special Subgroups of G4(ABlp).

Three-parameter subgroups of type XIII.—When k= l, or, what

amounts to the same thing, when a;=l, the one-dimensional trans-

formation along the line AB is identical, and hence every point on the

line is an invariant point ; dualistically every plane through the line

1 is an invariant plane. Therefore, the resulting transformations are

of type XIII. Since there are three remaining parameters, n, h, and

t, we have a three-parameter subgroup of type XIII.

Three-parameter suhgrovp of type XI.— If n^O, the three-para-

meter group of type III in the plane p reduces to a two-parameter

group of type V. The resulting collineations in space are of type XI,

since every point on 1 is invariant, and form a three-parameter group

whose parameters are k, h, and t. Also, if we put t=0, nt±0, and
htdzO, the Of? collineations in the plane p are again of type V and

form a two-parameter group. Thus we have another three-jDarameter

group of type XI.

Two-parameter suhgroup of type VII.— If a= l and nr=rO, all

points in the plane ABl are invariant and the collineations are of

type VII. They form a two-parameter group of type VII. Also, if

a= l and t= 0, but nt±0 and ht±0, we have left a two-parameter

group of type VII, dualistic to the last.

Theorem 20. The group G4(ABlp) contains one three-parameter

subgroup of type XIII, two three-parameter subgroups of type XI,

and two two-parameter subgroups of type VII.



A NEW THEORY OF COLLINEATIONS IN SPACE, III.

Collineations of Type V in Space.

BY H. B. NEWSON.

A.

—

Synthetic Forecast.

Invariant figure of T.—The fundamental invariant figure of a

collineation in space of type V consists* of a plane p, a line 1, and a

point A ; A and 1 are both in p and A is on 1. Let this invariant

figure be denoted by (Apl), and let T be a collineation of type V,

leaving (Apl) invariant. The collineation T and its invariant figure

(Apl) are both self-dualistic. Along the line 1 and in the pencil of

planes through 1, T produces a one-dimensional parabolic transforma-

tion ; in the plane p and in the bundle of rays through A, T produces

two-dimensional transformations of type III.

The group GeiApl).—The two-dimensional transformations of

type III in p, leaving the lineal element Al invariant, are oc^ in num-
ber and form a three-parameter group with one- and two-parameter

subgroups. This three-parameter grouj) leaves invariant the system

of Qo'^ conies touching 1 at A; a two-parameter subgroup leaves in-

variant a net of oo^ of these conies having three points in common at

A ; a one-parameter subgroup leaves invariant each of a pencil of cc}

conies having four points in common at A.

Dualistically the two-dimensional transformations of type III in

the bundle of rays through A are oc^ in number, and form a three-

parameter group with one- and two-parameter subgroups, leaving in-

variant the system of ccP quadric cones having their vertices at A and

touching p along the line 1; a two-parameter subgroup leaves in-

variant a net of oc^ of these cones having three elements in common
along 1 ; a one-parameter subgroup leaves invariant each of a pencil

of Qc^ cones having four elements in common along A.

These two two-dimensional three-parameter groups are independent

of each other, and hence the three-dimensional transformations of type

V, leaving (Apl) invariant, depend upon six parameters; /. e., they

are crJ' in number, and form a six-parameter group G6(Apl).

Theorem 1. There are cc*^ collineations of type V in space leaving

the figure (Apl) invariant ; these form a six-parameter group Gg(ApI).

Kansas University Quarterly, Vol. IX, p. 70.
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Subgrovps of G6{Apl) —T\\exQ are two varieties of five-parameter

subgroups of G6(Ai3r). One of these subgroujjs consists of all col-

lineations in G6(Apl) which leave invariai.t a net of oc^ conies in p
and the system of crJ' cones through A. A sul)group of the other va-

riety consists of all coUineations in GelApl) which leave invariant the

system of cc^ conies in p and a net of cc- cones through A. These

two varieties of five-parameter groups form a dualistic pair. There

are oc^ groups of each variety.

There are three varieties of four-parameter subgroups in GelApl),

viz.: (1) All those coUineations in Gu(Apl), which leave invariant anet

of Go^ conies in p and a net of cc'^ cones through A, form a subgroup;

(2) all those coUineations, w^hich leave invariant a pencil of cc^ conies

in 13 and all cones through A, form a subgroup; (3) all coUineations

in G6(Apl), which leave invariant the cc' conies in p and a pencil of

cc^ cones through A, form a subgroup. The second and third varieties

form a dualistic pair and the first is self-dualistic.

There are two varieties of three-parameter subgroups in Gg(ApI),

viz.: (1) All coUineations in Gg(ApI), which leave invariant a net of

00^ conies in p ard a pencil of oc^ cones through A, form a subgroup

;

(2) all coUineations in G6(Apl), which leave invariant a pencil of cr}

conies in p and a pencil of cc- cones through A, form a subgroup.

These two group varieties form a dualistic pair.

There are cc* two-parameter subgroups of G6(Apl). One of these

subgroups consists of all coUineations which leave invariant a pencil

of conies in p and a pencil of cones through A. There is only one va-

riety of such two-parameter groups.

In the above two-parameter group the joarameters of the two-di-

mensional transformations in p and through A are t and t', respectively.

If we set t'=gt and keep g constant, we obtain a one-parameter sub-

group of GelApl).

Theorem 2. There are nine varieties of subgroups of type V in the

group G6(Apl), viz.: Two varieties of five-parameter subgroups, three

of four-parameter subgrou^DS, two of three-parameter subgrouj)S, one

of two-parameter subgroups, and one of one-parameter subgroups.

Special suhgroups of G<i{Apl).—The group Gg(ApI) contains a

number of subgroups composed of coUineations of lower types than

type V, viz., groups of type XIII, XII, and VII. The three-param-

eter group of type III in the plane p contains two two-parameter

subgroups of elations, viz., H'2(A) and H'i(l). The coUineations in

G6(Apl), whose plane coUineations in p are of type V, are generally of

type XIII. Hence, corresponding to the two groups H'2(A) and

H'2(l) in p, the group GeCApl) contains two five-parameter subgroups

of type XIII. These five-parameter groups contains four- and three-
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parameter subgroups of lype XIII; but these details belong more
properly to the theory of type XIII, and will be discussed under that

heading.

If the transformation in the plane p is identical, the collineations

are of type VII, and form a three-parameter group G3(p). Dualis-

tically, if the two-dimensional transformation through A is identical,

the collineations are of type VII in space and form a three-parameter

group of type VII, GsCA). Thus Gii(Apl) contains a dualistic pair

of three-parameter subgroups of type VII.

If the one-dimensional transformations along the lin^ 1 and in the

pencil of planes through 1 are both identical, the collineations are of

type XII. Of the oc-" collineations in G6(Ai)l), crJ satisfy these two

conditions, and hence this group contains cc* collineations of type

XII. These constitute a four-parameter group of type XII. The
constitution of this group will be discussed in the proper place in this

series of papers.

Theorem 3. The group Gg(ApI) contains two five-parameter sub-

groups of type XIII, two three-parameter subgroups of type VII, and
one four-parameter subgroup of type XII.

B.

—

Analytic Verification.

§1. The Six-parameter Group G6(Apl).

Analytic expression for T.— Along the line 1 and in the pencil of

planes through 1 the collineation T produces one-dimensional parabolic

transformations wdiose constants we shall designate by mt and nt, re-

spectively. Let h, k and g be three other constants determining T.

Let the tetrahedron of reference (ABCD) be taken so that B is on 1,

C in the plane p, and D anywhere in space. The plane p is now the

plane z= 0-, y= passes through 1; x= passes through A; and

w=0 is not specially related to the iuvariant figure. The collineation

T is expressed by the following~equations

:

l7=F + ^^t, (1)

l7
= 7+ti4Yt^ + H (2)

-^=^-fmt^+(?f^ + ht)f4i^tM-(^J^°)f^-fgt. (3)

These equations may be thrown into the form :

(4)

(5)

"^ ""
w + mtx -\-- Cjt^ + kt)y + (^t« + (hm + kn)^2 ^ gt)^";

^^')

Xi
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That T is correctly expressed by these equations is shown as fol-

lows : (1) shows that the one-dimensional transformation in the pencil

of planes through 1 is parabolic; (1) and (2) show that the two-

dimensional transformation in the bundle of rays through A is of type

III
; (4), (5) and (6) show that A^ (0, 0, 0, w) is an invariant point

;

(G) shows that z= is an invariant plane; making z^=0 in (4), (5),

and (6), the modified form of (4) and (5) shows that, in the plane p,

1 is an invariant line and that the collineation in p is of type III.

Six-parameter group Gii{Apl).—The numbers m, n, h, k, g, t may
vary independently, and hence there are oo*^ collineations of type V, each

leaving (Apl) invariant. Let Ti be a second collineation of the same

system, whose constants are mi, m, hi, ki, gi, ti, and which transforms

Pi to Po. Eliminating xi, yi, Zi, wi from T and Ti, we get To, whose

equations are of the same form as those of T and whose constants are

m2; ns, h2, k2, g2, to. We find the following values of to, etc.:
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faces invariant under the collineations of the group Gi(Apl) are ob-

tained by eliminating t from all pairs of equations formed from (1),

(2), and (3). From (1) and (2) we get:

f(xi, yi, zi)=f(z, y, z)=|y2+ hyz— nxz— Cz2= 0. I

From (I) and (3), and making use of the identity in I, we get:

(xi, yi, zi, wi)=rf(z, y, z, w)=-3y^H ^
—y^z — mnxyz— gnyz-

+

n'wz Cz''=0. II

From (2) and (3), and using the identities in I and II, we get:

f(xi, yi, zi, wi)= f(x, y, z, w)=j x [J( hz + y )
+ '^z] —^ j

+

j
x(gz + ky + ^^)-w(hz + y)|

)f(gz+ky + ^^)-(hz + y) [^(hz + y)+^z]{-Cz^=0. Ill

Making z= in equations (4), (5), and (6), the last disappears, and

the modified forms of (4) and (5) can be put into the form :

'^— =— +

1

\ ^^ ' (10)
I ^= ^ + mt-^ + ^t-^ + kt.

Eliminating t from these, we have the following equation of the in-

variant conies in the plane p

:

f(xi, yi, wi)=f(x, y, w)=^x2 + kxy-yw-Cyl IV

In I, II, III, and IV, C is the arbitrary parameter of the family of

surfaces.

Equation I represents a system of quadric cones having A for a

common vertex, 1 for a common element, and p for a common tangent

plane. Equation II represents a family of cubic ruled surfaces having

1 for a common line and the plane p for an inflectional tangent plane

along the line 1. The curves of intersection of I and II are the path

curves of the group Gi(Apl).

The two families of surfaces have the line 1 in common ; hence their

curves of intersection are of a lower degree than the sixth. Taking a

section of both surfaces by the plane w=0, we get the following sys-

tem of curves

:

|y'^ + hyz— nxz = Cz^ and ™y^ + "^~ "
y^z—

mnxyz— gnyz' = Cz^. (11)

Eliminating x from these equations, we find three points of inter-

section exclusive of those on 1. Hence the intersections of the sys-

tems of surfaces I and II are oc- twisted cubics in space. They all

pass through A and have 1 for a common tangent at A.

Theorem 4. The group G6(Apl) contains oo' one-parameter sub-
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groups; the path curves of one of these subgroups are twisted cubics;

each subgroup leaves invariant a family of quadric cones, a family of

cubic cones, and a family of quartic surfaces.

§3. Other Subgroups of GelApl).

Five-parameter subgroups of G(,{ApV).— If m be kept fixed and
the other five parameters be allowed to vary, the resulting collinea-

tions form a five-parameter group GG(Apl)m. If we make mi=m a

constant in equations (7)-(12), we find also m2= m,and equation (9)

is no longer independent. The remaining five equations show the five-

parameter group. There are co^ such subgroups in G6(Apl), one for

each real value of m. The group G5(Apl)m leaves invariant a net of

Go'-^ conies in the plane p.

In exactly the same way it may be shown that when ni= n also

n9= n, and we have another singly infinite system of five-parameter

subgroups G;-,(Apl)n. The group Gf,(Apl)n leaves invariant a net of

00- quadric cones with their vertices at A.

Four-parameter subgroups of G&{Apl).— If n and h are both con-

stant while the other four parameters vary, the remaining cc^ collinea-

tions form a four-parameter subgroup of GeCApl). This is shown by

the vanishing of equations (8) and (10); the remaining four show a

four-parameter subgrouj^. There is a doubly infinite system of these

four-parameter groups, one for each value of n and h. One of these

groups, G4(Apl)nh, leaves invariant a singly infinite system of

quadric cones contained in I.

If ra and k are both constant while the other four parameters

vary, the remaining oo* collineations form a four parameter group

G4(Apl)mk. This is shown by the vanishing of equations (9) and

(11); the remaining four equations show the four-parameter group'.

There is a doubly infinite system of these four-parameter subgroups,

one for each value of m and k. The group G4(Apl)mk leaves in-

variant a pencil of conies in the plane p.

If m and n are both constant while h, k, g, t vary independently, we
have another four-parameter subgroup of G6(Apl). The six equa-

tions (7)-(12) reduce to

t + ti = to, ht + hiti= hats, kt + kiti= kst-i, and
(hm + kn)t'+ 2(h,in + k,n)tt, + (h,m + k,n)t=

, 4. , + h.m + k^n. 2 . ^l
a H gt + glti =^ U + g2to.

The group G4(Apl)mn leaves invariant a net of oo- conies in p and

a net of oo^ cones through A. There is a doubly infinite system of

these four-parameter subgroujDS, one for each value of m and n.

Three-parameter sxibgroups of Ge{Apl).— There are two triply in-

finite systems of three-parameter subgroups of G6(Apl); one of these
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results when m, n and h are constant, the other when m, n and k are

constant. In the first case the group G3(Apl)mnh leaves invariant a

net of conies in p and a pencil of cones through A ; in the second case

the group G3(Apl)tnnk leaves invariant a pencil of conies in p and a

net of cones through A.

Two-parameter subgroup of GaiApl).—When m, n, h, k are all

constant and g and t alone vary, the cc- collineations form a two-para-

meter subgroup of GeCApl). Evidently there is a quadruply infinite

system of these two-parameter groups. The group G>(Apl)mnhk
leaves invariant a pencil of conies in p and a pencil of cones through A.

Theorem 6. The groujo G«(Apl) contains two singly infinite sys-

tems of five-parameter subgroups, three doubly infinite systems of

four-parameter subgroups, two triply infinite systems of three-para-

meter subgroups, and one quadruply infinite system of two-parameter

subgroups. These are characterized by m= c; n=^c; m=c and

n= c; n= c and h=c; m= c and k^c; m= c, n=o, h= c; m=c,
n=c, k= c; m= c, n= c, h= c, k=c.

§3. Some Special Subgroups op Ge(Apl).

Groups of type XIII in GeiApI).— For any constant value of m
we have a five-parameter subgroup of GelApl); for the special value

m=0 the subgroup requires special attention. Let m=0 in equation

IV; it reduces to y(kx— w— Cy)=0, ^. e., the conies in p break up
into the invariant line y^O and the pencil of lines kx—w— Cy=0.
Hence the coUineation in the plane p is of type V; dualistically the

coUineation in the bundle through III is also of type V. Thus it

must have a pencil of invariant i^lanes corresponding to the line of in-

variant points in p. The collineations in space are therefore of type

XIII, and these form a five-parameter group of this type.

In like manner, when n-==0 the two-dimensional collineations in p
and through A are of type V and the three-dimensional collineations

are of type XIII. They form a five-parameter subgroup of this type.

Each of these five-parameter subgroups of type XIII contains a

singly infinite system of four-parameter subgroups and a doubly in-

finite system of three-parameter subgroups of type XIII. The fun-

damental group of XIII is tliree-parametered. The discussion of the

details of these groups belongs more properly to the theory of type

XIII and will be given in its proper place.

Subgroup of type XII in Ge{Apl).—When m= and n=^0, the

one-dimensional transformations along 1 and in the pencil of planes

through 1 are both identical; hence all points on 1 and all planes

through 1 are invariant. The collineations in the planes through 1 are
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all of type V; hence the collineations in space are of type XII. There

are oc* such collineations in G6(Ai3l), and they form a four-parameter

subgroup of type XII.

Subgroxips of type VII in GeiApl).—When n, m and k are all

zero, the transformation in the plane p is identical, and the remaining

collineations are of type VII and form a three-parameter group.

Dualistically there is a three-j)arameter group of type VII which

leaves invariant every ray through A. This results when m=0,
n=0, and h=0. The subgroujDS of these two three-parameter groups

will not be discussed here.

Theorem 4. The group Go(Apl) contains two five-parameter sub-

groups of type XIII, one four-parameter subgroup of type XII, and

two three-parameter subgroups of type VII.

The theory sketched in this jDaper holds equally well whether the

collineations are real or complex.

Table of groups of type V.— The following is a complete list of the

continuous groups of collineations of type V:

(1) G6(Apl).

(2) G5(Apl)m.

(3) G5(Apl)n.

(4) G4(Apl)mn.

(5) G4(Apl)nh.

(6) G4(Apl)mk.

(7) G3(Apl)mnh.

(8) G3(Apl)mnk.

(9) G2(Apl)mnhk.

(10) Gi(Apl).



COCCID^ OF KANSAS, IV.

Additional Species, Pood-plants and Bibliography of Kansas Ooccidae, with

Appendix on other Species Reported from Kansas.

BY S. J. HUNTER. With plate VIII.

A.—Additional Species.

Ket'ines pnbescens Bogue. Plate VIII, fig. 1.

On white oak, Lawrence, Douglas county.

Kermes nivalis King and Ckll. Plate VIII, fig. 2.

On white oak, Lawrence, Douglas county.

Ovthezia gva minis Tinsley. Plate VIII, figs. 3, 1.

On goldenrod (SoUdago sp,), Blue Rapids, Marshall county. Mrs.

S. Gr. Cady, collector.

B.— Food-plants of Kansas Coccidae.

In order to understand the significance or importance of the food-

plants of Coccidse, or scale-insects, some knowledge of the life and

habits of the insect is necessary. Scale-insects are plant parasites

and locate themselves upon the bark or outer covering of the plants.

They have long, slender beaks, which they are able to insert into the

tissues of the plants and draw therefrom the plant juices. Some scale-

insects choose but a single host-plant, and others seem to be able to

subsist upon a very great variety of plants. This adaptability to va-

rious food-j)lants has much to do with the numbers of the several

species in existence. It is evident that if a species of insect has to de-

pend exclusively upon a single plant variety, the chances of life for

this insect would decrease with a decrease in numbers of the host

;

while, on the other hand, scale-insects which have the power to adapt

themselves to a number of plants have greater chances of life and

better opportunities for numerical increase. In animal parasitism

the parasite tends to increase as the host increases. The increase of

the parasite, however, is generally in a greater ratio than the increase

of the host, so that the parasite frequently becomes so numerous as

to destroy or greatly curtail the increase of the host, and then the

parasite must succumb likewise, or adapt itself to new conditions.

Such relations between host and parasite exist to a certain extent be-

[1071 -K.UAir.—A X 3-July, '01.
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tween the scale-insects and their respective hosts. A study of the

food-plants, therefore, of the scale-insects, becomes a matter of con-

siderable importance in determining the continuation of a species and

the possibilities of its numerical increase. The insects herein dis-

cussed have been found on certain food-plants in Kansas. They have

likewise been found by other authorities on other food-plants in other

parts of the globe. A record of each of these discoveries is given in

the following pages

:

Aspidiotus forhesi Johns.

Honey-locust, Olcditschia (ricatithos {Johns.), Ckll., Proc. Nat. M., XIX, p. 738.

Peach, Pi anus, Ckll., ibid., p. 740.

Apricot, Primus armeniaca, Johns., Ent. News, p. 151 (1896).

Garden currant, Ribes rubrum, ibid.

Ash, Osborn, Proc. Iowa Acad. Sci., p. 229 (1897).

Crab-apple, Hunter, K. U. Quart., VIII., No. 1, p. 4 (Jan. 1899).

Pear, Johns., 111. Sta. Lab. Nat. Hist., IV, p. 381.

Plum, ibid.

Apple, ibid.

Quince, ibid.

Currant, ibid,

Wild and cultivated cherry, Amygdalus 2')ersiea, Leonard!, Riv. di Pat. Veg.,

p. 43(1897).

Acer fro xinns, ibid.

Staphylea trifoliata, ibid.

Asindiottis ancylus Putnam.

Linden, Comstock, 2d Corn. Univ. Kept., p. 140.

Box-elder, Negundo sp., Ckll., Proc. Nat. M., XIX, p. 735.

Apricot, PruniiH armeniacum, Ckll., Proc. Nat. M., XIX, p. 741.

Plum, Prunus do^nestica, in Santa Fe, N. M.. Ckll., ibid.

Black currant, Ribes sp., Ckll., Am. Nat., p. 731 (1895).

Oaks, Comstock, 2d Corn. Univ. Kept., p. 140.

Beech, ibid., p. 139.

Water locust, ibid., p. 140.

Ilex verficUtata, Felt., Bull. N. Y. Mus., VI, No. 31, p. G17 (1900).

Hemlock, ibid.

Mountain ash, ibid.

Willow, Felt., Bull. N. Y. Mus., V, No. 23, p. 261 (1898).

Apple, ibid.

Elm, ibid.

Pear, Gillette and Baker, Colo. Agr. Exp. Sta., Bull, 31, Tech. Ser., No. 1, p. 128.

Black maple, Newell, Cont. Iowa St. Col. Agr., No. 3, p. 8.

Birch, ibid.

Snowball, ibid.

Gteditschia tricanthos, Ann. Mag. Nat. Hist., p. 323 (1898).

Quercus ivrightU, Ckll., Can. Ent., vol. 28, p. 226 (1896).

Cottonwood, Gillette, Colo. Agr. Col. Ex. Sta., Bull. No. 38, 1898, p. 36.

Spirea amicus, King, Can. Ent., p. 226, vol. — .*

* The separates of the Canadian Entomologist have no dale marks. It has been, therefore,

impos-sible to locate accurately all references as to recent numbers of this magazine, since the

department numbers are at the bindery.
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Honey-locust, King, Can. Ent., p. 226, vol. —

.

Quince, ibid.

Maple, Putnam, Proc. Dav. Acad. Nat. Sci., vol. II, p. 346.

Peach, Comstock, U. S. Dept. Rept. Com. Agr., 1880, p. 59.

Osage orange, ibid.

Hackberry, ibid.

Bladder-nut, ibid.

Ash, ibid.

Chestnut, in U. S. Dept. Agr. Coll. Howard.
Cratcegus, ibid.

Elagnus reflexa, ibid.

Lonicera, ibid.

Syringa, ibid.

Prunus pissarcJi, ibid.

Anpidiotus uvw Comst.

Grape, Comst., 2d Rept. Dept. Ent. Cor. Exp. Sta., p. 71, 1883.

Hickory, ibid.

Asjndiotus oshorni Newell.

Quercus alba, Hunter, K. U. Quart., vol. VIII, No. 1, p. 6.

Ironwood, Ostrya virginica, Newell, Cont. Iowa St. Col. Agr., No. 3, p. 7.

As2>idiotus ulini Johns.

White elm, Ulmus amerieana, Johns., 111. St. Lab. Nat., vol. IV, art. 13, p. 388.

Slippery or Red elm, Ulmus fulva, Hunter, K. U. Quart., VIII, No. 1, p. 6.

Catalpa, Hunter, K. U. Quart., VIII, No. 1, p. 6.

Aspidiotus fei'naldi Ckll., aubsp. albiventer.

Maple, Acer sp., Hunter, K. U. Quart., VIII, No. 1, p. 7.

Asitidiotus obscurus Comst.

Willow oak, Comst., 2d Corn. Univ. Rept., p. 140.

Black oak, Quercus sp., Hunter, K. U. Quart., VIII, No. 1, p. 7.

Chestnut, Hunter, found in Miami county, Kansas, June, 1901.

Asjndiotus Juglans-regice Comst.

Peach, Prunus or Amygdolus jiCisica, Ckll., Proc. Nat. M., XIX, p. 740.

English walnut, Comst., 2d Corn. Univ. Kept., p. 61.

Prune, Prunus sp. (Ehrhorn), Ckll., Can. Ent., 1895, p. 260.

Crab-apple, Hunter, K. U. Quart., vol. VIII, No. 1, p. 8.

Pear, Comst., 2d Corn. Univ. Rept., p. 62.

Cherry, ibid.

Locust, ibid.

Ash, Fernald, Pa. Dept. Agr., Bull. No. 43, p. 20.

Currant, Osborn, Proc. Iowa Acad. Sci., vol. V, p. 230, 1897.

Aspidiotus perniciosus.

Cherry, Howard, Bull. 12, U. S. Dept. Agr., Div. Ent., p. 13.

English huckleberry, ibid.

Black walnut, ibid.

Japan walnut, ibid.

English willow, ibid.

8-K.U.Qr. A—x3
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Golden willow, Bull. 12, U. S. Dept. Agr., Div. Ent., p. 13.

Rocky Mountain dwarf cherry, ibid.

Flowering quince, ibid.

Japanese quince, ibid.

Strawberry, ibid.

Black currant, ibid.

Lombardy poplar, ibid.

Carolina poplar, ibid.

Golden-leaved poplar, ibid.

Silver maple, ibid.

Cut-leaved birch, ibid.

Mountain ash, ibid.

Milkweed, ibid.

Catalpa speciosa, ibid.

Actinidia, ibid.

Citrus trifoliata, ibid.

Red dogwood, ibid.

Snowball, ViburniDii, ibid.

Juneberry, ibid.

Lioquat, ibid.

Laurel, ibid.

Akebia, ibid.

White currant, Lochhead, Ont. Dept. Agr., p. 31, Mar. 1900.

White ash, ibid.

Ornamental birch, ibid.

Maple leaf, ibid.

Rhubarb, ibid.

Hemp, ibid.

Lamb's- quarters, ibid.

Garden knotweed, ibid.

Mustard, ibid.

Beggar-ticks, ibid.

Goose-foot, ibid.

Ragweed, ibid.

Sunflower, ibid.

Weeping willow, Smith, Rept. N. J. Agr. Col. Exp. Sta., p. 547, 1896.

Laurel-leaved willow, ibid.

Kilmarnock willow, ibid.

Linden, ibid.

English walnut, ibid.

Flowering currant, ibid.

Euonymus, ibid.

Gooseberry, ibid.

Persimmon, Ebenacete, ibid.

Acacia, Leguminoseae, ibid.

Elm, ibid.

Osage orange, ibid.

Pecan, ibid.

Hickory, ibid.

Alder, ibid.

Chestnut, ibid.

Oak, ibid.
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Sumac, Smith, Rept. N. J. Agr. Col. Exp. Sta., p. 547, 1896.

Grape, ibid.

Catalpa bignoniodes, (Howard), Ckll., U. S. Dept. Agr,, Div. Ent., Tech. Ser.,

No. 6, p. 17.

Crab-apple, Ckll., U. S. Dept. Agr., Div. Ent., Tech. Ser., No. G.

Bartlett pear, ibid.

Dwarf Duchess pear, ibid.

P)jru>^ japonica, ibid.

Satsuma plum, ibid.

Prunus pissardi, ibid.

Prunus maritiml, ibid.

Citrus albapanetatas, ibid.

Cottonwood, ibid.

European linden, ibid.

Apple, Pyrus mcdus, Comst., 2d Corn. Univ. Rept., p. 140.

Apricot, Piunus armeniaca, ibid.

Crab grass, Johnson, Bull. No. 57, Md. Agr. Exp. Sta., p. 61, 1898.

Peach, Ckll., Proc. Nat. M., XIX, p. 740.

Rose, Ckll., Amer. Nat., p. 726, 1895.

Almond, Fernald, Bull. 36, Mass. Agr. Col., p. 19.

Spirea, ibid.

Raspberry, ibid.

Hawthorn, ibid.

Cotoneaster, ibid.

Aspidiotus greenii Ckll.

Palm, Howea belmoreana, Hunter, K. U. Quart., VIII, No. 1, p. 11.*

Banana, Townsend, An. & Mag. Nat. Hist., ser. 7, III, p. 169.*

Cycas (Green), Ckll., Bull. Div. Ent., Tech. Ser., No. 6, p. 27.*

House palm, Ckll., Ent. Mo. Mag., XXXIV, pp. 184, 185, Aug. 1898.*

Palm, Seaforthia elegans, Ckll., Entom., XXXII, p. 93, Apr. 1899.*

Guava, Ckll, and Parrott, Industrialist, p. 277, May, 1899*

Vine leaves, ibid,*

Aapidiotus hederte Ball., var. nerii Bouche.

Madrone, Arbutus menziesii, Coquillett, Bull. 26, Div. Ent. U. S. Dept, Agr.
, p. 20,

Century plant, Agave americana, ibid.

Lilac, Syringa vulgaris, ibid.

Nightshade, Solarium douglasii, ibid.

China tree, ibid.

English ivy, ibid.

Oak, Qiiercus agrifolia, ibid,

Arborvitae, Thuja occidental is, on cones of, ibid.

Acacia, Comstock, 2d Rept. Corn. Univ. Exp. Sta., 1883, p. 13.

Cherry, ibid.

Currant, ibid.

Grass, ibid.

Clover, ibid.

Orange tree, ibid.

Lemon, ibid.

Maple, ibid.

*Those succeeded by a star were kindly furnished by Mr. Kotinsky, through Dr. Howard,
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Melia, Comstock, 2d Rept. Corn. Univ. Exp. Sta., 1883, p. 13.

Oleander, ibid.

Plum, ibid.

Yucca, ibid.

Coprosma lucida, Maskell, Sea. Ine. N. Z., p. 45,

Corynocarpus Icevigatoe, ibid.

Orchids, Gardners' Chronicle, May 6, 1893, p. 548.

New Zealand flax, Phormium tenax, Comst., 2d Corn. Rept., p. 110.

Holly, Comst., ibid.

Boxwood, Comst., 2d Corn. Rept., p. 139.

Oleander (Ckll.), Gillette, Colo. Agr. Col. Ex. Sta., Bull. No. 31, Tech. Ser., No. 1,

p. 128.

Orange (Ckll.), Gillette, ibid.

Lemon (Ckll.), Gillette, ibid.

Fracaena (Ckll.), Gillette, ibid.

Olive, Olea euroi^ea, Ckll., Jour. Trin. Nat. Fid. Club, vol. II, No. 12, p. 307.

Magnolia grand)flo7-a, ibid.

Rose, Townsend, Tech. Ser., No. 4, Div. Ent., p. 11.

Palo dulce, ibid.

Lace fern, Johnson, Div. Ent., n. ser.. No. 6, pp. 75-78 (1896).

Sweet lime (fruit), Cockerell, Ann. Mag. Nat. Hist., p. 167, Feb. 1899.

Pinus (leaves), ibid.

Ivy, Hedera helix, Saccardo, Rivista Pat. Veg., IV, p. 50, 1895 (1895-'96).

Nerium oleander, ibid, p. 49.

"Trueno," Cockerell, Biol. Cent. Amer., II, part 2, p. 20, Dec. 1899.

Palms, King, Can. Ent., XXXI, p. 225, Aug. 1899.

Cycas, ibid.

Heather, Erica, ibid.

Cycas revoluti, Osborn, Proc. Iowa Acad. Sci., V, p. 230, 1897 (1898).

Arica, Cockerell, Jour. Inet. Jamaica, I, p. 255, No. 55, Apr. 1893.

Tea, Green, Indian Mus. Notes, IV, No. 1, p. 4, 1896 ( reprint, p. 3 ).

Loranthus, ibid.

Dalbergia, ibid.

Aristea major, Indian Ent. Mo. Mag., XXXIII, p. 69, Mar. 1897.

Aucnba, Douglas, Ent. Mo. Mag., XXIII, pp. 151, 152, Dec. 1896.

Azalea, ibid.

Aspidiotus cesculi Johns., subsp. solus, subsp. nov. Hunter.

Juglans nigra. Hunter, K. U. Quart., VIII, No. 1, p. 12.

3Iytilaspis iwmorum Bouche.

Apple, Comst., 2d Corn. Univ. Rept., p. 139.

Basswood, Ckll., Proc. Nat. M., XI, p. 730.

Bladder-nut, Siaphylea (Comst.), ibid., p. 736.

Broom, Cytisus seoparins, Ent. Mo. Mag., p. 138, 1893.

Cultivated locust, Rohinia pseudacacia, Ckll., Proc. Nat. M., XIX, p. 738.

Hawthorn, Cratccgus oxycantha, ibid., p. 744.

Wild gooseberry, Ribes cynosbati. Country Gentleman, p. 27, Jan. 16, 1895.

Cornus californicus (Harvey), Ckll., Proc. Nat. M., XIX, p. 735.

Pear, Maskell, Scale Insects of N. Z., p. 52 (1887).

Plum, ibid.

Peach, ibid.
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Apricot, Maskell, Scale Insects of N. Z., p. 52 ( 1887).

Lilac, ibid.

Thorn, ibid.

Sycamore, ibid.

Cottoneaster, ibid.

Foliis variegatus (Harvey), Ckll., Proc. Nat. M., XIX, p. 752.

Cornus alba (Harvey), ibid.

Fraxiniis amcricanus, Country Gentleman, p. 27, Jan. 10, 1895.

Planera (Comst.), Ckll., Proc. Nat. M., XIX, 766.

Yucca, Comst., 2d Corn. Univ. Rept., p. 140.

Poplar, Bull. N. Y. Mus., 13th Rept. St. Ent. p. 374, 1897.

Magnolia, umbrella, ibid.

Privet, Bull. N. Y. Mus., V, No. 23, p. 261, Dec. 1898.

Quince, Hunter, K. U. Bull. Dept. Ent., p. 25, 1898.

Hop-tree, Hunter, ibid.

Buckthorn, ibid.

Raspberry, ibid.

Grape-vines, Berlese and Leonardi, Rivista Pat. Veg., Ill, p. ,347, 1895(1894-'95).*

Citrous plants, ibid.*

Linden, Comstock, Rept. U. S. D. A., 1880, pp. .325, 326, pi. xix, fig. 2.*

Amorxiha (an exotic), ibid.

Water locust, ibid.

Raspberry, ibid.

Bibes al2:>erum, ibid.

Lonieera jjulveriilenta, ibid.

Planera kaku, ibid.

Pennsylvania maple, Hopkins, Can. Ent., XXVII, p. 218, 1896.*

Cornus caUfornicus, Ckll., Can. Ent., XXVII, pp. 259, 260, 1895.*

Viburnum, King, Can. Ent., XXXI, p. 228, Aug. 1899.*

Spircea aruncus, ibid.

Cornus alternifolia, ibid.

Ailanihus glandulosus, Maskell, Ent. Mo. Mag., XXXIII, p. — , Nov. 1897.*

Stillingia seb/fera, ibid.

Common broom, Sarothamnus scoparius, Newstead, Ent. Mo. Mag., XXIX,
p. 138, 1893.*

Cjitisus nubigenus, ibid.*

Cocoa-palm leaves, Morgan, Ent. Mo. Mag.,' XXV, p. 350, Aug. 1889.*

Currant, Hunter, Bull. Dept. Ent., p. 25, Jan. 1898.

Horse-chestnut, ibid.

Maple, ibid.

Water locust, ibid.

Honeysuckle, ibid.

Elm, ibid.

Hackberry, ibid.

Cottonwood, ibid.

Willow, ibid.

Wild red cherry, Lochhead, Ont. Dept. Agr., p. 41, Mar. 1900.

Grape, ibid.

Spirea, ibid.

Juneberry, ibid.

Birch, ibid.

Rose, ibid.
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Bittersweet, Lochhead, Ont. Dept. Agr., p. 41, Mar. 1990.

Walnut, Smith, N. J. Agr. Exp. Sta., p. 140.

Butternut, ibid.

Sycamore (Maskell), Ckll., Proc. Nat. Mus., vol. XIX, p. 736.

Dia.spis snoivii Hunter.

Salix nigra. Hunter, K. U. Quart., VIII, No. 1, p. 15.

Lecaniatti {Maclurce) aurantiaciim Hunter,

Osage orange, Madura aurantiaca, Hunter, K. U. Quart., VIII, No. 2, p. 68.

Lecanitim canadense Ckll.

Uhnus racemosa, Ckll., Can. Ent., p. 254, 1895.

Ulmus amerlcana (Glenn), Hunter, K. U. Quart., VIII, No. 2, p. 69.

Lecaniutn kansasense Hunter.

Cersis canadensis, Hunter, K. U. Quart., VIII, No. 2, p. 69.

Juglans nigra, Hunter, K. U. Quart., VIII, No. 2, p. 70.

Ulmus fulva. Hunter, ibid.

Lecaniuin cockerelli, nov. sp.. Hunter.

Ulmus ame7-icana, Hunter, K. U. Quart., VIII, No. 2, p. 70.

Juglans-nigra, Hunter, K. U. Quart., VIII, No. 2, p. 71.

Oak, Quercus sp.. King, Can. Ent., vol. —
, p. 252.

Sweet fern, Comptonia asi^enifolia, ibid.

Plum, Hunter, K. U. Quart., vol. IX, Ser. A, No. 2, p. 107, Apr. 1900.

Hickory, ibid.

Populus sp.. King, Psyche, IX, p. 117, Oct. 1900.

Wild crab-apple on University campus, Hunter.

Lecaniuin arinenfactini Craw.

Plum, Hunter, K. U. Quart., VIII, No. 2, p. 71.

Grape-vine, Country Gentleman, June 16, 1898.

English gooseberry. Felt., Bull. N. Y. Mus., VI, No. 31, p. 617.

Apricot, Webster, Can. Ent., XXX, No. IV, 1898.

Prune, ibid.

Cherry, ibid.

Pear, ibid.

Peach, Cockerell, Jour. N. Y. Ent. Soc, VII, p. 257, Dec. 1899.*

Lecaniuni hesperidum Linnaeus.

Pittosporum (Coq.), Ckll., Proc. Nat. M., XIX, p. 727.

Tea plant. Camellia, ibid., p. 728.

Abutilon, Gillette and Baker, ibid., p. 729.

Citrus tree, Comst., 2d Corn. Univ. Kept., p. 139.

Holly, Ckll., Proc. Nat. M., XIX, p. 733.

Grape-vine, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 26.

Rhus integrifolia (Coq.), Ckll., Proc. Nat. M., XIX, p. 736.

Schinus mollc, ibid., p. 737.

Cultivated locust, liobinia pseudacacia, ibid., p. 738.

Apricot, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. ILG.

Rose, ibid.
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Loquat, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 26.

Ash, ibid.

Box, Buxiis $enipe7'vi7-ens, Maskell, Sea. Ins. N. Z., p. 111.

Willow, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 26.

Lombardy poplar, ibid.

Orchid, Dendrobium, Ckll., Trane. Amer. Ent. Soc. 1893, p. 40.

Hippeastrum equesire, Ckll., Proc. Nat. M., XIX, p. 777.

Palm, Ckll., Ins. Life, VI, p. 103.

Calla lily, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 26.

English ivy, Hedera helix. Hunter, K. U. Quart., VIII, No. 2, p. 75.

Oleander, Comst., 2d Corn. Univ. Rept., p. 140.

Rubber tree, Ficus macrophylla, Coq., Bull. 26, U. S. Dept. Agr., Div. Ent.,

p. 26.

Euonymus, ibid.

Maple, Acer dasycarj^um, ibid.

Rhamus crocea, ibid.

Heteromeles arbutifolia, ibid.

Fig, ibid.

House fern, N. Y. Mus., 13th Rept., p. .374, 1897.

English laurel, Felt., Bull. N. Y. Mus., V, No. 23, p. 260.

Aralia, Gillette and Baker, Colo. Agr. Exp. Sta., Bull. 31, Tech. Ser., No. 1, p. 127.

Ficus elastica, ibid.

Ehynchospermum jasimoides, ibid.

^'eron^ca hendersonii, GiUetie and Baker, Colo. Agr. Exp. Sta., Bull. 31, Tech.

Ser., No. 1, p. 127.

"Fitolaca," Townsend, Bull. 4, Tech. Ser., Div. Ent. U. S. D. A., pp. 11 and 13,

1896.*

Guava, ibid.*

Maitenus hoaria, Cockerell, Act. Soc. Sci. Chili, V, p. XXIV, 1895.*

Areoa catechu, Ckll., Insect Life, V, p. 159, 1893.*

Pepper tree, Riley and Howard, Insect Life, IV, p. 294, 1892.*

Bertolonia marchanti, Green, Ent. Mo. Mag., XXXIII, p. 71, Mar. 1897.*

Lucuma multiflora. Green, ibid.*

Dalbergia lanceolaria, ibid.*

Hedera amurensis, ibid.*

Carica papaia, Maskell, Ent. Mo. Mag., XXXIII, p. 243, Nov. 1897.*

"Ohia," , ibid.*

Lecaniitiu eojfea' Walker.

Sword fern, Ftcris, Hunter, K. U. Quart., VIII, No. 2, p. 75.

Tea plant, Camellia, Cotes, Ind. Mus. Notes, 1895.

Cofifee, Coffea- sp., Ckll., Bull. Bot. Dept. Jamaica, p. 71, 1894.

Orange, King, Can. Ent., p. 140, vol. —

.

Diospyros, ibid.

Oleander, ibid.

Chrysophyllum, ibid.

Sago palm, ibid.

Croton variegafum, ibid.

Cycas revoluta, Ckll. and Parrott, Industrialist, May, 1899, p. 276.*

Fsidium, Hempel, Riv. Mus. Paulista, IV, p. 426, 1900.*

Gardenia, Atkinson, Jour. Asiat. Soc. Bengal, LV, pt. II, No. 3, pp. 282-284,

1886.*

Gardenia florida, Maskell, Ent. Mo. Mag., XXXIII, p. 243, Nov. 1897.*
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Lecanium olece Bernard,

Camellia, Camellia japonica, Ckll., Proc. Nat. M., XIX, p. 528.

"Brachieton," meaning perhaps Brachychiton, ibid., p. 730.

Lignum-vitae, Ouaiaeum officinale, ibid., p. 731.

Holly (Coq.), Ckll., ibid., p. 733.

Euonymus sp. (Coq.), Ckll., ibid., p. 734.

Grape-vine, Vitis inconstans, Ins. Life, 1893, p. 160.

Sycamore (Coq.), Ckll., Proc. Nat. M., XIX, p. 736.

Schinus molle, in Mexico (Coq.), ibid., p. 737.

Apricot, Comst., 2d Corn. Univ. Kept., p. 140.

Rose, ibid.

Guava (Coq.), Ckll., Proc. Nat. M., XIX, p. 748.

Pomegranate, Punica granatum, Ckll., ibid., p. 750.

Cape jessamine, Oardenia Jasinoides (Comst.), Ckll., ibid., p. 752.

Artemisia californica (Coq.), Ckll., ibid., p. 754.

Ash, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 28.

Lingustrum lucidum, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 28.

Red pepper, ibid.

Phoradendron flavescens (Johns.), Ckll., Proc. Nat. M., XIX, p. 764.

In Calif. Erifagus sp., Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 28.

Cycas revoluta, Coq., ibid., p. 29.

Hippeastrwn equestre, in Mexico, Ckll., Ins. Life, V, p. 245.

Palm, Comst., 2d Corn. Univ. Rept. , p. 140.

Oleander, Nerium oleander, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr.

Photinia or Heteromeles arbutifolia, ibid, p. 28.

Citrus, Comst., 2d Corn. Univ. Rept., p. 140.

Olive, ibid.

Live oak. Bull. Bot. Dept. Jamaica, p. 12, 1894.

Peas, ibid.

Plum, Ckll., Bull. Bot. Dept. Jamaica, p. 12, 1894.

Bittersweet, ibid.

Apple, ibid.

Eucalyptus sp., ibid.

Almond, ibid., p. 72.

Acer dasycarpum, ibid.

Artemisia californica, ibid.

Abutilon, ibid.

Rhus integri/olia (Coq.), ibid.

Baccharis virniinalis, ibid.

Ficus macrophylla, ibid.

Hahrothamuus elegaiis, ibid.

Irish juniper, ibid.

Myosporum, ibid.

Melalenca purpurea, ibid.

English laurel, ibid.

Beech, ibid.

Rhannus crocea, ibid.

Orevillea rohusta, ibid.

Eigustrutn ja2)onicum, ibid.

Indian cedar, ibid.

Cedar of Lebanon, ibid.

Castor-bean, ibid.
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Sonchus oleracens, Ckll., Bull. Bot. Dept. Jamaica, p. 12, 189i.

Abutilon, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 29.

Naphitum litschii, Osborn, Proc. Iowa Acad. Sci., p. 226, 1897,

Lombardy poplar, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 28.

Pepper tree, ibid.

Solanum Jasimoides, Gillette and Baker, Bull. 31, Colo. Exp. Sta., p. 127, May,
1895.*

Platycerium alcicorne, ibid.*

Eriodendron, Ckll., Appdx. Bull. Misc. Information (Trinidad), II, pp. Sand 4,

No. 23, Apr. 1896.*

Fern, Ckll., Amer. Nat., XXIX, p. 727, Aug. 1895.*

Cassinia ceptophylla, Maskell, XVII, p. 28, 1884 (1885).*

Calabassa tree, Bueck., Bull. 22, n. s., Div. Ent. U. S. D. A., p. 92, 1900.*

Honey- locust, ibid.*

Ouazuma ubn/folia, ibid.*

Terininalia catappa, ibid.*

Meyenia cdba, Ckll., Insect Life, V, p. 160, 1893,*

Mango , ibid.*

Yueea, Ckll, Can. Ent., XXVII, p. 257, Sept. 1895.*

Deciduous magnolia. Craw., Bull. 4, Tech. Ser., Div. Ent. U. S. D. A., p. 40., ft.-

note, Apr. 1896.*

Pelargonium, Townsend, Bull. 4, Tech. Ser., Div. Ent. U. S. D. A., pp. 11 and
13, 1896.*

"Marguerita," ibid.*

Catalpa, ibid.*

Croton eluteria. Green, Ent. Mo. Mag., XXXIII, p. 72, fig. 2, Mar. 1897.*

Brexia, ibid.*

Avicennia nitida, ibid.*

Elceodendron orientalc, ibid,*

Carissa spinarum, ibid.*

Catesbcea spinosa, ibid.*

Alalia elegantissima, ibid.*

Macrozamia frazeri, ibid.*

Lecaniodiaftpis (?) parvotti Hunter.

^scidus glabra, Hunter, K. U. Quart., VIII, No. 2, p. 76.

Lecaniodiasjiis celtidis Ckll., subsp. prninotius Hunter.

Ulmns americana Hunter, K. U, Quart., VIII, No. 2, p. 77.

Chiou((spis ortholobis Comet.

Willow, Salix sp., Comst., 2d Corn. Univ. Rept., p. 140.

Cottonwood, Populus sp.. Hunter, K. U. Quart., IX, No. 2, p. 101.

Populus grandidentaia King, Psyche, IX, p. 117, Oct. 1900.

Chionasjris salicis-iiif/rw Walsh.

Ash, Comst., 2d Corn, Univ. Rept., p. 139.

Poplar (Osborn), Cooley, Spec. Bull, Mass. Agr. Coll., p. 21, Aug. 1899.

Willow, Cooley, Spec. Bull. Mass. Agr. Col., p. 21, Aug. 1899.

Cottonwood, ibid.

Salix alba, ibid,

Salix alba, var, camellia, ibid.
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Salix nigra, Cooley, Spec. Bull. Mags. Agr. Col., p. 21, Aug. 1899.

Cornus pubescens, ibid.

Cornus asperifoUa, ibid.

Balm of Gilead, ibid.

Russian poplar, ibid.

Liriodendron tulipifera, ibid.

Cornus stolonifera, ibid.

Cornus sericca, ibid.

Ceanothus, ibid.

Amelanchier canadensis, ibid.

Chionafipisi americana Johns.

Ulmus americana (Johns.), Ckll., Proc. Nat. M., XIX, p. 765.

Chionaspis platani Cooley.

Sycamore (Parrott), Cooley, Spec. Bull. Hatch Exp. Sta., Aug. 1899, p. 36.

Chionaspis pinifolice Fitch.

Pine, Comst., 2d Corn. Rept., p. 140, 1880.

Firs and spruces, Gillette and Baker, Hemiptera of Colorado, p. 129.

Pinus strobus, Cooley, Spec. Bull. Hatch Exp. Sta., Aug. 1899, p. 33.

Pinus resinosa, ibid.

Pinus excclsa, ibid.

Pinus niitis, ibid.

Pinus cembra, ibid.

Pinus pyrenaica, ibid.

Pinus laricis, ibid.

Pinus sylvcsiris, ibid.

Pinus austriaea, ibid.

Pinus punilio, ibid.

Pseudotsuga ta.rifoUa, ibid.

Abies excelsa, ibid.

Abies nigra, ibid.

Abies alba, ibid,

Pulrhurria inuutnevahilis Rathv.

Tilia sp., Ckll., Proc. Nat. M., XIX, p. 730.

Euonymus (Riley), Ckll., Proc. Nat. M., XIX, p. 734.

Vitis inconstans, also on wild grape, Ckll., Proc. Nat. M., XIX, p. 735.

Sycamore (Riley), Ckll., ibid., p. 736.

Rosa sp., Riley, Rept. Dept. Agr., 1881.

Garden currants, Eibes rubrum and nigrum, Riley, Rept. Dept. Agr., 1881.

Fraxinus nigra { Sambricifolia), Mundt, Can. Ent., 1884, p. 240.

Poplars, Populus balsamifera, ibid.

Mulberry, Morus rubra, ibid.

Oak, Qaercus sp., Riley, Rept. Dept. Agr., 1884.

White elm, Ulmus americana Hunter, Q. U. Quart., IX, No. 12, p. 104.

Black walnut, Jiiglans nigra, ibid.

Maple, ibid.

Silver maple, Putnam, Dav. Acad. Nat. Sci., p. 294.

Beech, ibid.

Sugar maple, ibid.

Box-elder, ibid., p. 338.
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Locust, Putnam, Dav. Acad. Nat. Sci., p. 338.

Sumac, ibid.

Soft maple. Fitch, Trans. N. Y. St. Agr. Soc. 1859, XIX, pp. 775, 77G.

^-Esctdus flava, King, Psyche, p. 154, Jan. 1901.

Virginia creeper, ibid.

Tilia europcea, Mann, Psyche, IV, p. 224, 1884.

Rohinia pseudacaeia, ibid.

Vitis lahrusca, ibid.

Rhus glabra, ibid.

Vitis riparia, ibid.

Fapus, ibid.

Salix, ibid.

Madura, ibid.

Quercus, ibid.

Ulmus, ibid.

Platanus, ibid.

Ribes, ibid.

Euonymus, ibid.

Celtio, ibid.

3forus rubra, Howard, Bull 22, n. s., Div. Ent. U. S. Dept. Agr., p. 8, 1900.

Aralia japonica, ibid.

Viburnum dentatum, King, Psyche, IX, p. 117, Oct. 1900.

Strawberry, Forbes, 13th Ann. Kept. Insects 111., p. 98, 1883 (1884).

Piilvinaria itruni Hunter.

Plum, Hunter, K. U. Quart., IX, No. 2, p. 105.

Farlatoria jievgaudli Comst.

Orange, Citrus ep., Comst., 2d Corn. Univ. Rept., p. 140.

Tangerine, Felt., Bull. N. Y. St. M., VI, No. 31, p. 618.

Date palm, King, Can. Ent., p. 228.

Variegated croton, Ckll., Jour. Inst. Jamaica, I, p. 55, Feb. 1892.*

CJiionaspis ftirftira Fitch.

Apple, Cooley, Hatch Exp. Sta. Mass. Agr. Col., Sp. Bull., p. 28, 1899.

Cherry, ibid.

Currant, ibid.

Japan quince, ibid.

Crab-apple, ibid.

Mountain ash, ibid.

European mountain ash, ibid.

Black walnut, ibid.

Black-cap raspberry (Osborn), ibid.

Rhamnus caiharticus (King), ibid.

Clethra alnifolia (King), ibid.

Pyrus arbutifolia (Kirkland), ibid.

Pyrus nigra (Kirkland), ibid.

Pyrus hetrophylla (Kirkland), ibid.

Pyrus salicifolia 2ic'n.dula (Kirkland), ibid.

Pyrus floribunda (Kirkland), ibid.

Pyrus spectabilis (Kirkland), ibid.

Pyrus pinnatofilia (Kirkland), ibid.

Ribes sanguinem (Morgan), ibid.



120 KANSAS UNIVERSITY QUARTERLY.

Choke cherry, Prunus virginiana (Howard), King, Psyche, vol. VIII, 1899,

p. 335.

Black cherry, Prunus aerrathia, ibid.

Wild red cherry, Prunus pennsylvanica , ibid.

Pear, Pyrus communis, ibid.

Peach, Persica vulgaris, ibid.

Cherry currant, Rihes sp., ibid.

Red flowering currant, Rihes sanguinem, ibid.

European mountain ash, Larbus anieuparia, ibid.

Flowering quince. King, ibid.

Shadbush, Amelanchier canadensis.
Black alder, Clethra alnifoiia, ibid.

Amelanchier canadensis, King, Psyche, IX, pp. 117, 118, Oct. 1900.

Populus grandidentata, ibid.

3Iytalaspis citricola Packard.

Citrus trees, Ckll., Proc. Nat. Mus., vol. XIX, p. 732.

Banksia integrifoUa (Maskell), Ckll., ibid., 763.

Kroton (Maskell), Ckll., ibid., p. 765.

Toddalia aculeata. Green, Coccidae of Ceylon, part I, pp. 78-80, pi. XX, 1896.

Myrraya, Cockerel], Insect Life, p. 160, 1893*.

Gocculus indicns, Green, Indian Mus. Notes, IV, No. 1, p. 4, 1896 ( reprint, p. 3).*

Tangerine, Riley and Howard, Insect Life, VI, p. 51, 1893. *

Taxus euspidata, Mask., Ent. Mo. Mag., XXXIII, p. 241, Nov. 1897. *

Quercus, ibid.*

Kermes pubeseens Bogue.

Scrub oak, Bogue, Can. Ent., vol. 30, p. 172.

White oak. King, Quercus sp.. Can. Ent., vol. 30, p. 139.

Kermes nivalis King and Ckll.

Quercus alba. King, Can. Ent., vol. 30, p. 139.

Orthesia graminis Tinsley.

Culms and blades of grass, Tinsley, Can. Ent. vol. 30, p. 13, 1898.

Goldenrod, Solidago sp.. Hunter, K. U. Quart., vol. X, A, p. 107.*

C— Bibliography.

Aspidiotiis forbesi.

Aspidiotus forbesi Johnson, Ent. News, 7, No. 5, pp. 150-152, (1896).

do Johnson, 111. Lab. Nat. Hist., vol. 4, p. .380, (1896)

.

do Johnson, Dept. Agr., Div. Ent., Bui. 6, n. ser., pp. 75-78,

(1896).

do Forbes, 20th Ann. Rept. Insects 111., pp. 15, 16, 1895, (1896).

do Cockerel!, Dept. Agr., Div. Ent., Tech. Ser., No. 6, p. 21,

1897.

do Johnson, Dept. Agr., Div. Ent., n. s., Bui. No. 9, pp. 83-85,

(1897).

do Lsonardi, Rivistadi Patologia Vegetale, p. 49, (1897-1900).

do Parrott, Trans. Ks. St. Hort. Soc, vol. 23, pp. 108, 109, (1898).

do Hunter, Bull. Dept. Ent., p. 24, (1898).

do Popenoe, Trans. Ks. St. Hort. Soc, vol. 23, pp. 40-46, (1898),
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Aspidiotus forbesi Leonardi, Annali di Agr., p. 110, (1898).

do Hopkins, Dept. Agr., Div. Ent., Bull. 17, n. 8., pp. 144-149,

(1898).

do JohnBon, Can. Ent., p. 82, (Apr. 1898).

do Cooley, Dept. Agr., Ent. Bull. 17, n. s., pp. 61-65, (1898).

do Brick, Sta. fur Pflanzenschutz zu Hamburg, 1, p. 34,

(1898-'99).

do Reh, Sta. fur Pflanzenschutz zu Hamburg, 1, p. 19, (1898-'99).

do Cockerel], Jour. N. Y. Ent. Sec, vol. VII, p. 258, (Dec.

1899).*

do Newell, Cont. from Ent. Dept. Iowa Agr. Col., No. 3, p. 14,

(1899).

do Reh, Mitth. Naturhist. Mus. Hamburg, vol. XVI, pp. 125-

141, Mar. 1899.

do Hunter, K. U. Quart., vol. 8, No. 1, p. 3, (Jan. 1899).

do King, Can. Ent., vol. XXXI, p. 226, (1899).

do Lochhead, Ont. Dept. Agr., p. 35, (Mar. 1900).

do Newell, Iowa Sta., Bull. 43, pp. 145-176, ( 1900).

do Frank & Kruger, Schildlausbuch, pp. 74, 75, fig. 37, (1900).*

do Reh, Zeitschrift fur Entom., vol. V, pp. 161, 162, June, 1900.*

Aspidiotus ancyclus.

Aspidiotus ancyclus Fitch, t Ann. Rept. N. Y. St. Agr. Sec, vol. XVI, p. 426,

(1856).

Diaspis ancyclus Putnam, Tr. Iowa St. Hort. Soc, vol. XII, p. 321, (1877).

Aspidiotus ancyclus Putnam, Proc. Dav. Acad., vol. II, p. 346 (1878).

do Comstock, Rept. Ent. in Rept. Com. Agr., p. 292, (1880).

do Comstock, 2d Rept. Corn. Exp. Sta., p. 58, (1888).

do Cockerell, Ins. Life, vol. VII, p. 210, (1894).

do Cockerell, Can. Ent., vol. XXVI, p. 191, (1894).*

do Cockerell, Bull. 2, n. s., U. S. Dept. Agr., p. 94, (1895).

do Cockerell, Can. Ent., vol. XXVII, pp. 16, 17, (1895).*

do Lugger, Minn. Sta., Bull. 43, pp. 99 et seq., (1895).

do Gillette and Baker, Colo. Agr. Col. Exp. Sta., Bull. No. 31,

Tech. Ser., No. 1, p. 128, (1895).

do Cockerell, Garden and Forest, vol. VIII, p. 513, (1895).*

do Lowe and Sirrine,'N. Y. Sta. Rept., pp. 525-535, (1896).

do Webster, Ind. Hort. Rept., p. 9, (1896).

do Johnson, Dept. Agr., Div. Ent., Bull. 6, n. s., pp. 75-78,

(1896).

do Forbes, 20th Ann. Rept. Insects HI., pp. 15, 16, (1896).*

do Hopkins, Bull. 6, n. s., Div. Ent. U. S. Dept. Agr., p. 72,

(1896).

do Cockerell, Can. Ent., vol. XXVIII, p. 226, (1896),*

do Barrows and Pettit, Mich. Sta., Bull. 160, pp. 334 et seq.,

(1897).

do Cockerell, Dept. Agr., Div. Ent., Tech. Ser., No. 6, p. 20,

(1897).

do Leonardi, Rivist. Pat. Veg., p. 42, (1897).

do Leonardi, ibid, pp. 216-218, (1897).

do King, Can. Ent., vol.
, p. 226, ( ).

fAs A. circularis, n. sp., but according to C. L. Marlatt MS. is A. anc)/clus.
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Aspidiotus ancyclus Johnson, Can. Ent., vol. XXX, p. 82, (1898).

do Cooley, Dept. Agr., Div. Ent., Bull. 17, n. s., pp. 61-C5,

(1898).

do Gillette, Colo. Agr. Col. Exp. Sta., 'Bull. No.38, p. 36,(1898).

do Parrott, Trang. Kan. St. Hort. Soc, vol, XXIII, pp. 108-

109, (1889).

do Leonardi, Annali di Agr., p. 108, (1898).

do Osborn, Proc. Iowa Acad. Sci., vol. V, p. 229, ( 1898).*

do Cockerell, Ann. Mag. Nat. Hiet., p. 323, (1898).*

do Goethe, Berl. Kgl. Lehraustalt Obst. Wein., p. 19, (1898).*

do May, Station fur Pflanzenschutz zu Hamburg, vol. I, p. 5,

(1898-'99).

do Reh, ibid, p. 19, (1898 '99).

do Brick, ibid, p. 31, (1898-'99).

do Fernald, Com. Pa. Dept. Agr., Bull. 43, p. 20, (1899).

do Newell, Cont. from Ent. and Zool. Dept. Iowa St. Agr.

Col. No. 3, p. 7, (1899).

do Hunter, K. U. Quart., vol. VIII, No. 1, p. 4, (1899).

do Troop, Ind. Sta., Bull. 78, pp. 45-52, (1899).

do Newell, Iowa Sta., Bull. 43, pp. 160-162, (1899).

do Marlatt, Can. Ent., vol. XXXI, pp. 208-211, (1899).*

do Reh, lUustr. Zeitschr. f. Ent., vol. IV, p. 246, (1899).*

Mitth. Nat. Hist. Mus. Hamb., vol. XVI, pp. 125-141,

(1899).*

do May, ibid., pp. 151-153, (1899).*

do Reh, Zeitschrift, fur Ent., vol. V, pp. 161, 162, (1900).*

do Reprint Jahrs. Hamb. Anst., vol. XVII, pp. 4 et seq,,

(1900).

do Frank and Kruger, Schildlausbuch, pp. 72, 73, ( 1900).*

do Lochhead, Ont. Dept. Agr., p. 37, (1900).

do Felt., Bull. N. Y. Mus., vol. VI, No. 31, p. 579, (1900).

do Marlatt, Ent. News, vol. XI, pp. 590-592, (1900).*

do Scott, Bull. 26, n. a., Div. Ent. Dept. Agr., p. 50, (1900).

do Reh, Bull. 22, n. s., Div. Ent. Dept. Agr., pp. 79-8.3, (1900).

Asp idiotim u nv.

Aspidiotus Hvce Comstock, Rept. Eat. in Rept. Com. of Agr., pp. 309, 310, ( 1880).

do Murtfeldt, Ent. Rept. Dept. Agr., pp. 135, 136, (1888).*

do Cockerell, Jour. Inst. Jamaica, p. 142, (1892).*

do Cockerell, Insect Life, vol. IV, p. 333, (1892).*

do Cockerell, Jour. Inst. Jamaica, p. 255, No. 52, (1893); Jour.

Trinidad Field Nat. Club, 1, p. 312, No. 88, (1894).*

do Howard, Insect Life, vol. VII, p. 53, (1894).*

do Riley, Md. Sta. Rept., pp. 190, 191, (1894).

do Cockerell, Garden and Forest, vol. VIII, p. 513, (1895).*

do Webster, Ind. Hort. Rept., p. 16, (1896).

do Johnson, Dept. Agr., Div. Ent., Bull. VI, n. s., pp. 75-78, ( 1896).

do Cockerell, Dept. Agr. , Div. Ent. , Tech. Ser. , No. 6, p. 23, ( 1897 ).

do Leonardi, Rivista di Patalogia Vegetale, vol. VI, p. 44, (1897).

do Parrott, Trans. Kan. Hort. Soc, vol. XXIII, pp. 106-109, (1898).

do Chambliss, Tenn. Sta. Bull., vol. X, No. 4, pp. 141-151, (1898).

do Hunter, K. U. Quart., vol. VIII, No. 1, p. 4, (1899).
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Aspidiotus uvce Newell, Cont. from Ent. Dept. Iowa Agr. Coil. No. 3, p. 12, ( 1899).

do Scott, Bull. XXVI, D. s., Div. Ent.U. S. Dept. Agr., p. 50,(1900).*

Aspidiotus osbovH i.

Asjiidiotus oshorni Newell, Cont. from Ent. Dept. Iowa St. Agr. Coll., No. 3, p.

5, (189.5).

do Oaborn, Proc. Iowa Acad. Sci., V, p. 229, (1897).*

do Hunter, K. U. Quart., vol. VIII, No. 1, p. 5, (1899).

do Newell, Iowa Sta., Bull. 43, p. 165, 1 1899).

do Scott, Bull. 26, n. s., Div. Ent. U. S. Dept. Agr., p. 50,

(1900).*

Aspidiotus ulmi.

Aspidiotus ulmi Johnson, 111. St. Lab. Nat., vol. IV, No. 13, p. 388, (1896).

U. S. Dept. Agr., Div. Ent., Bull. 6, n. s., p. 75, (1896.

Ent. News, vol. VII, p. 152, (1896).*

do Cockerell, Bull. VI, Tech. Ser., Div. Ent. U. S. Dept. Agr., p.

22, (1897).

Can. Ent., vol. XXIX, p. 266, (1897).

Bull. 111. St. Lab. Nat. Hist., vol. V, art. VIII, p.

396, No. 1026, (1899).

do Newell, Cont. from Ent. Dept. Iowa Ag. Col. No. 3, p. 28, (1899).

do Hunter, K. U. Quart., vol. VIII, No. 1, p. 6, (1899).

Aspidiotus fernaldi^

Asjyidiotusfernaldi olbiventer, Hunter, K. U. Quart., vol. 8, No. 1, p. 6, (1899).

do cockerelli, Parrott, Can. Ent., vol. 31, No. 1, p. 10, (1899).

do albiventer, Newell, Cont. from Ent. Dept. Iowa St. Agr.

Col. No. 3, p. 19, (1899).

As^fidiotus obs€urt(s.

Aspidiotus obscurus Comstock, Rept. Ent. in Rept. Com. of Agr., p. .303, (1880).

do Forbes, 20th Ann. Rep. Ins. 111., pp. 15, 16, (1895).*

do Cockerell, Dept. Agr., Div. Ent., Tech. Ser., No. 6, pp. 9

and 21, (1897).

do Leonardi, Rivista Pat. Veg., vol. VII, pp. 205-207, (1898).*

do Hunter, K. U. Quart., vol. VIII, No. 1, p. 7, ( 1899).

do Scott, Bull. XXVI, n. s., Div. Ent. U. S. Dept. Agr., p.

50,(1900).*

Aspidiotus Juylans-regioe.

Axpidiofus juglans-regim Comstock, Rept. Ent. in Rept. Com. Agr., p. 300,

(1880).

do Colvee, Bull. Soc. Ent. Fr., ser. 6, vol. I, p. CLXV,*
(1881). (Describes it as a juglandis.)

do Comstock, 2d Rept. Corn. U. Exp. Sta., p. 61, (1883).

do Howard, U. S. Dept. Yearbook, pp. 251-252, 254,

264, 265, (1894).

do Riley and Howard, Ins. Life, vol. VI, p. 328, ( 1894).*

Can. Ent., vol. 26, No. 2, p. 36, (1894).

Can. Eut., vol. 26, p. 131, ( 1894).
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Aspidioius Juglans-regUe Cockerell, Proc. U. S. Nat. Mus., vol. XVII, pp. 615-

625, (1895).

Garden and Foreet, VIIL p. 51.3, 25, (1895).*

Bull. 111. St. Lab. Nat. Hist., vol. IV, art. XI,

p. a33. No. 551, p. .334, (1896 j.*

do Lintner, Bull. 6, n. s., Div. Ent. U. S. Dept. Agr., p.

60, (1896).*

do JohnBon, Dept. Agr., Div. Ent., Bull. VI, pp. 75-78^

(1896).

do Cockerell, Div. Ent. U. S. Dept. Agr., Tech. Ser.,

Bull. VI, pp. 18-21, (1897j.

do Starnes, Ga. Sta., Bull. 36, p. 31, (1897).

do Hillman, Nev. Sta., Bull. .36.

do Osborn, Proc. Iowa Acad. Sci., V, p. 230, (1897).*

do Leonard!, Riv. di Pat. Veg., vol. VI, p. 67, (1897).

Riv. di Pat. Veg., vol. VII, 40, (1898).*

do Cockerell, Bull. St. Lab. Nat. Hist., vol. V, art. VII,

p. 396, No. 589, (1899).*

Bull. 32, Ariz. Exp. Sta., p. 282, (1899i.*

do Newell, Cont. from Eot. Dept. Iowa St. Agr. Col.

No. 8, p. 19, (1899).

do Fernald, Com. Pa. Dept. Agr., Bull. No. 43, p. 19,

(1899).*

do Hunter, K. U. Quart., vol. VIII, No. 1, p. 8, (1899).

do Lochhead, Ont. Dept. Agr., p. .38, (1900).

do Scott, Bull. 26, n. b., Div. Ent. U. S. Dept. Agr., p.

50, (1900).*

do Morgan, La. Sta., Bull. 28, 2d ser., pp. 282-1005,

(18— ).*

Aspidiotus ])ei'nicio8US.

Aspidioius i'jfrniciof^uH Comstock, Rept. Comr. Agr. 1880, pp. .304, 305, (1880).

do Cooke, Treatise on Ins. Inj.toFrt. and,Frt. Trees, (1881;.

do Riley, Rept. U. S. Dept. Agr., Div. Ent., p. 65, (1881^*

do Chapin, Rept. Comr. Agr., pp 207, 208, (1882).

1st Rept. St. Bd. Hort. Cal., pp. a5-€8,(1882).*

Reprint Pacif. Rur. Press, pp. 2-5, (1882).*

do Cooke, Rept. Comr. Agr., pp. 65, 208, (1882).

Ins. Inj. to Orchards, pp. 60-6.3, (1883).

do Chapin, Rept. Cal. St. Bd. Hort., p. 91, (1883).

Bull. No. 2, St. Bd. Hort., (1884).

do Klee, Rept. Cal. St. Bd. Hort., pp. 373-375, 18a5-86,

(1887); ibid., p. 404, (1881).

do Klee, Hatch, Buck, et al., discussion, ibid., (1887).

do Boggs, ibid., p. 12, (1887).

do Rose, Brittan, and Milco, ibid., pp. 40, 41, (1887).

do Klee, Rept. St. Bd. Hort., 1887-'88, p. 245, (1888).

do Klee, Treatise on Ins. Inj. to Frt. and Frt. Trees of

Cal., pp. 10, 11, (1888).

do Cooper, Pacific Rur. Press, pp. 146, 147, (1889).

do Coquillett, Weekly Blade, (1890).

do Washburn, Bull, o, Ore. Agr. Exp. Sta., p. 23, (1890).
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Aspidioiiis x)erniciosus Lelong, Kept. Cal. Sta. Bd. Hort., 1889, p. 170, (1890).

do Riley and Howard, Insect Life, vol. Ill, p. 69, (1890).

do Kercheval and Gray, Insect Life, vol. II, p. 312, (1889).

do Freeman, Insect Life, vol. Ill, p. 68, (1890).

do Riley, Rept. U. S. Dept. Agr., Div. Ent., p. 262, (1890).*

do Gregorson, Insect Life, vol. Ill, p. 169, (1890).

do Collins, Rept. Cal. St. Bd. Hort., 1890, (1890).

do Coquillett, Bull. 23, Div. Ent. Dept. Agr., pp. 19-36,

(1891).

do Allen, Bull. No. 2, 1st Bien. Rept. Ore. St. Bd. Hort.,

1891, pp. 43-46, (1891).

do Riley and Howard, Insect Life, vol. Ill, p. 426, (1891).

do Insect Life, vol. Ill, p. 487, (1891).

do Insect Life, vol. IV, p. 83, ( 1891).

do Lelong, Rept. St. Bd. Hort. Cal. for 1891, (1892).

do Craw, Rept. Cal. St. Bd. Hort. for 1891, (1892).

do Coquillett, Rept. on Sea. Ins. of Cal., (1891), Bull. 26,

Div. Ent., pp. 21-25, (1892).

do Craw, Rept. Cal. St. Bd. Hort. 1891, p. 285, (1892).

do Riley, Rept. Ent. for 1891, p. 244, (1892).

do Townsend and Tyler, Bull. 7, N. M. Agr. Exp. Sta.,

pp. 6, 7,(1892).

do Olliff, Agr. Gazette, N. S. Wales, pp. 298, 299, (1892)

do Riley and Howard, Insect Life, vol. V, p. 53, (1892).

do Riley, Insect Life, vol. V, p. 127, (1892).

do Koebele, Albert, Craw, Rept. Importation Parasites and
Pred. Ins., p. 15, (1892).

do Coquillett, Insect Life, vol. V, p. 251, (1893).

do Riley and Howard, Insect Life, vol. V, p. 280, (1893).

do Cockerell, Ann. Mag. Nat. Hist., p. 406, (1893).*

do Allen, Bull. No. 5, 2d Rept. Bien. Rept. Ore. St. Bd.

Hort., pp. 67-69, (1893).

Bull. No. 6, 2d Bien. Rept. Ore. St. Bd. Hort.,

pp. 83-86, (1893).

do Cockerell, Bull. No. 10, N. M. Agr. Exp. Sta., pp. 14-16,

(1893).

do Koebele, Insect Life, vol. VI, p. 26, (1893).

do Special Bull. U. S. Dept. Agr., p. 39, (1893.)

do Ehrhorn,Rept. Cal. St.Bd. Hort., 1893-'94, p. 375,(1894).

do Cockerell, Can. Ent., vol. XXVI, p. 32, (1894).

do Smith, Insect Life, vol. VII, pp. 185-186, (1894).*

Insect Life, vol. V, p. 312, (1894).*

do Coquillett, Insect Life, vol. VI, p. 253, (1894).

do Schwarz, Insect Life, vol. VI, p. 247, (1894).

do Riley and Howard, Insect Life, vol. VI, p. 207, (1894).

do Howard, Circ. No. 3, 2d ser., Div. Ent., 10 pp., (1894).

do Lawson, Chronicle (Halifax, N. S.), (1894).

do Lelong, Pacific Rural Press, (1894).

do Riley and Howard, Insect Life, vol. VI, p. 286, (1894).

do Coquillett, Insect Life, vol. VI, p. 324, (1894).

do Smith, Ent. News, vol. VII, pp. 182-184, (1894).

Garden and Forest, vol. VII, p. 344, (1894),
9-K.U.Qr. A-x3
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Aspidiotus perniciosus Riley, Rept. Ent. for 1893, (1891).

do Riley and Howard, Insect Life, vol. VI, p. 360, (1894).

do Riley, Proc. Amer. Adv. Sci., vol. XLIII, p. 229, (1894).

do Howard, Insect Life, vol. VII, p. 153, (1894).

do Smith, Insect Life, vol. VII, p. 163, (1894).

do Aldrich, Insect Life, vol. VII, p. 201, (1894).

do Cockerell, Insect Life, vol. VII, p. 207, (1894).

do Sirrine, Garden and Forest, vol. VII, p. 449, (1894).

do Smith, Bull. 106, N. J. Exp. Sta., p. 24, (1894).

do Lintner, Albany Eve. Jour., (1894).

do Howard, Can. Ent., vol. XXVI, p. .353, (1894).

do Lintner, Rural New Yorker, vol, LIII, p. 791, (1894).

do Thome and Webster, Ohio Exp. Sta., Emerg. Poster

Supp. Bull., p. 56, (1894).

do Fletcher, Evidence before Com. on Agr., p. 19, (1894);

25th An. Rept. Ent. Soc. Ontario, pp. 73-76, ( 1894).

do Smith, Rept. Ent. Dept. N. J. Agr. Col. Exp. Sta. for

1894, (1895).

do Webster, Bull. 56, Ohio Exp. Sta., for 1894 (1895).

do Weed, Bull. No. 23, N. H. Agr. Exp. Sta., (1894).

do Smith, Ent. News, p. 312, (1894).

do Webster, Proc. Columbus, Ohio, Hort. Soc, pp. 168-169,

(1894).

do Riley, Rept. Va. Sta. Bd. Hort. Soc, pp. 172-178, (1894).

do Rolfs, Proc. 7th Ann. Meet. Fla. Hort. Soc, pp. 94-99,

(1894).

do Howard, Year-book U. S. Dept. Agr. for 1894, pp. 249-

276, (1895).

do Fletcher, Rept. Exptl. Farms Canada for 1894, pp. 183-

226, (1895).

do Webster, Ohio Farmer, p. 157, (1895).

do Boaz, So. Planter, p. 119, (1895).

do Sirrine, Bull. No. 87, N. Y. Sta. Agr. Exp. Sta., (1895).

do Webster, Entomology, (1895).

do Howard, Proc. Ent. Soc. Wash., vol. Ill, pp. 219-226

(1895).

do Sturgis and Britton, Bull. No. 121, Conn. Agr. Exp. Sta.,

pp. 6-14, (1895).

do Sturgis, 19th Ann. Rept. Conn. Agr. Exp. Sta., for 1895,

(1896).

do Washburn, Bull. No. 38, Ore. Agr. Exp. Sta., pp. 7, 8,

(1895 .

do Webster, Ohio Farmer, p. 315, (1895).

do McCarthy, Bull. No. 120, N. C. Agr. Exp. Sta., (1895).

do Hillman, Bull. No. 29, Nev. Agr. Exp. Sta., p. 8, (1895).

do Piper, Bull. No. 17, Wash. Agr. Exp. Sta., (1895).

do Schiedt, Rept. Pa. Sta. Bd. Agr., pp. 579-584, (1895).

do Gillette and Baker, Bull. 31, Colo. Exp. Sta. , p. 128, (1895).

do Maskell, Agr. Gazette, N. S. Wales, vol. VI, pp. 868-

870, (1895).

do Cockerell, Can. Ent., vol. XXVII, pp. 16, 17, ( 1895) ; Bull.

2, n. s., Div. Ent. U. S. Dept. Agr., p. 94, (1895),

J
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Aspidiotus perniciosus Giard, Act. Soc. Sci. Chili, vol. V, p. 147, (1895).

do Smith, Eat. News, vol. VI, pp. 153-157, (1895).

do Slingerland, Rural New Yorker, vol. LVI, p. 5, (1895).

do Fox and Edge, Circ, Pa. St. Bd. Agr., (1895).

do Howard, Insect Life, vol. VII, pp. 283, 333, 359, 360,

(1895).

do Collingwood, Rural New Yorker, vol. LIV, p. 1G7, (1895).

do Collier, Bull. 87, n. s., N. Y. Agr. Exp. Sta., p. 10, (1895).

do Riley, Bull. 32, Md. Agr. Exp. Sta., (1895).

do Davis and Taft, Bull. 121, Mich. Agr. Exp. Sta., pp. 36-

38, (1895).

do Lintner, Bull. N. Y. St. Mug., vol. Ill, No. 13, pp. 275-

303, (1895).

do Hoffman, The Student, (1895).

do "Rather Perplexed" (pseud.). So. W. Farm and Or-

chard, (1895).

do Sixiith, Ent. News, vol. VI, pp. 153-157, (1895).

do Beckwith, Bull. 25, Del. Coll. Agr. Exp. Sta., p. 8, (1895).

do Tourney, Bull. 14, Ariz. Agr. Exp. Sta., pp. 32-47, (1895).

do Marlatt, Insect Life, vol. VII, pp. 365-374, (1895).

do Cockerell, New Mexican, (1895).

do Rolfs, Bull. 29, Fla. Agr. Exp. Sta., p. 19, (1895).

do Fernald, Mass. Crop Rept., p. 23, (1895).

do Maekell, Can. Ent., p. 14, (1896).

do Sirrine, Ann. Rept. N. Y. Agr. Sta. for 1895, (1896).

da Smith, Rept. Ent. Dept. N. J. Agr. Coll. Exp. Sta. for

1895,(1896).

do Garman, 8th Ann. Rept. Ky. Agr. Exp. Sta., for 1895,

(1896).

do Beckwith, Bull. No. 30, Del. Agr. Exp. Sta., p. 16, ( 1896).

do Cooley, Bull. No. 36, Mass. Hatch Agr. Exp. Sta., pp.

13-20,(1896).

do Cordley, Bull. No. 44, Ore. Agr. Exp. Sta., p. 108, (1896).

do Weed, So. Cultivator, (1896).

do Alwood, Bull. 62, Va. Agr. Sta., pp. 31-44, (1896).

do Cockerell, Bull. No. 19, N. M. Agr. Exp. Sta., pp. 108-

112,(1896).

do Hopkins, Nat. Stockman and Farmer, p. 6, (1896).

do Cook, Rural Cal., pp. 158, 159, ( 1896).

do Stedman, Mo. Month. Crop Rept., (1896).

do Kinney, Bull. No. 37, R. I. Agr. Exp. Sta., p. 43, (1896).

do Alwood, Bull. No. 66, Va. Agr. Exp. Sta., pp. 77-90,

(1886).

do Webster, Bull. No. 72, Ohio Agr. Exp. Sta., pp. 211-217,

(1896).

do Smith, Bull. No. 116, N. J. Agr. Exp. Sta., p. 15,

(1896).

do Johnson, Bull. No. 42, Md. Agr. Exp. Sta., pp. 154-156,

(1896).

do Smith, Bull. No. 6, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 46-48, (1896).
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Aspidiotus loerniciosus Lintner, Bull. No. 6, n. s., U. S. Dept. Agr., pp. 54-61,

(1896).

do Johnson, Bull. No. 6, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 63-6G, (1896).

do Webster, Bull. No. 6, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 66-70, (1896).

do Hopkins, Bull. No. 6, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 71-73, (1896).

do Alwood, Bull. No. 6, n. s., Div. Ent. U. S. Dept, Agr,,

pp. 80-84, (1896).

do • Howard, Trans. Mass. Hort. Soc.,p, 15, (1896).

do Beckwith, Trans. Penin, Hort. Soc, pp. 85-90, (1896),

do Webster, Ann. Rept. Ohio Sta, Hort. Soc, pp. 164-178,

.(1896[).

do Lintner, 11th Rept. on Icj. Ins. St. N, Y., pp. 200-233,

(1896),

do Slingerland, Proc. West. N. Y. Hort. Soc. for 1896, p,

18, (1896),

do Smith, Bull, 6, n, e., Div. Ent, U. S. Dept. Agr., pp.

46-48, (1896).*

do Green, Ent, Mo. Mag,, vol, XXXII, p, 84, (1896).*

do Hopkins, Bull, 6, n. s,, Div. Ent. U. S. Dept. Agr ,

pp. 71, 72, (1896).*

do Maskell, Ent. Mo, Mag,, vol. XXXII, pp, 33-36, (1896).*

do Forbes, 20th Ann, Rep. Ics. 111., pp. 1-25, (1895-'96).*

do Alwood, Bull, 6, n, s,, Div. Ent, U, S. Dept. Agr.,

pp. 80-84, (1896).*

do Johnson, Bull. 6, n, s., Div. Ent. U. S. Dept. Agr
,

pp. 63-65, (1896),*

do Webster, Bull, 6, n, s., Div, Ent, U. S. Dept. Agr,,

pp. 69, 70, (1896),*

do Maskell, Trans. N. Z. Inst., vol, XXVIII, p. 386, ( 1896).

do Howard and Marlatt, Bull. No. 3, n. s., Div. Ent. U. S.

Dept. Agr., pp. 1-80, (1896).

do Rolfs, Rept. Fla. Agr. Exp, Sta. for 1896, ( 1897).

do Smith, Rept. N, J. St. Bd, Agr., 24 pp., ( 1897).*

do Berlese and Leonardi, Riv. Pat. Veg., vol. VI, pp. 330-

352, (1897).*

do Coquillett, Rept. Dept, Agr,, Div, Ent., p, 124, (1897).*

do Webster, Proc, 52d Ann, St. Agr, Conv., Columbus,

Ohio, (1897).

do Sturgis, Cotin. Agr. Sta. Rept. for 1896 (1897),

do Baker, Bull, No. 77, Ala. Agr. Exp. Sta., pp. 27-31,

(1897).

do Alwood, Proc. Ga. St. Hort. Soc, pp. 38-42, (1897).

do Forbes, Bull. No. 48, Agr. Exp. Sta., pp. 413-428, (1897),

do Gillette, Bull, No, 38, Colo. Agr. Exp, Sta., pp. 33-39,

(1897).

do Alwood, Rept. 22d Meet. Amer. Ass. of Nurserymen, pp.

25-32, (1897).

do Garman, Bull. No. 67, Ky, Agr, Exp. Sta., pp. 43 59,

(1897).
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Aspidiotus 2'>erniciosus Slingerland, Rural New Yorker, p. 35G, (1897).

do Rolfs, Garden and Forest, pp. 217, 218, ( 1897).

do Hussey, Ohio Farmer, p. 487, (1897).

do Webster, Can. Ent., p. 173, (1897); Bull. No. 81, Ohio

Agr. Exp. Sta., pp. 177-212, (1897).

do Cockerell, Bull. No. 6, Tech. Ser. Div. Ent. U. S. Dept.

Agr., p. 31, (1897).

do McCarthy, Bull. No. 138, N. C. Agr. Exp. Sta., pp. 45-

55, (1897).

do Forbes, Circular, (1897).

do Baker, Bull. No. 86, Ala. Agr. Exp. Sta., (1897).

do Rolfs, Bull. 41, Fla. Agr. Exp. Sta., pp. 519-542, (1897).

do Panton, Rural Canadian, pp. 178, 179, (1897).

do Smith, Circ. N. J. Agr. Exp. Sta,, (1897).

do Starnes, Boll. No, 36, Ga. Agr. Exp. Sta., p. 31, (1897).

do Smith, Ent. News, pp. 221-223, (1897).

do Alwood, 1st Ann. Rept. Insp. San Jose Sc, 15 pp., (1897).

do Cordley, Ore. Agr. & Rural N. W., p. 70, (1897).

do Barrows, Bull. No. 9, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 27-29, (1897). ' '

do Webster, Bull. No. 9, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 40-45, ( 1897).

do Johnson, Bull. No. 9, n. s., Div. Ent., U. S. Dept. Agr.,

pp. 80-82, (1897).

tlo Troop, Newspaper Bulletin, (18S7).

do Webster, Ent. News, pp. 248-250, (1897).

do Massey, So. Planter, p. 549, (1897).

do Hopkins, W. Va. Farm Reporter, pp. 84-86, (1897).

do Osborn, Bull. No. 36, Iowa Agr. Exp. Sta., pp. 860-864,

(1897).

do Berlese and Leonardi, Riv. Pat. Veg., vol. VII, pp. 252-

273, (1898).*

do Leonardi, Riv. Pat. Veg., vol. VII, pp. 189-191, (1898).*

do Osborn, Proc. Iowa Acad. Sci., vol. V, p. 321, (1898).*

do Symposium, Smith, Lowe, Waugh, Bailey, Willard

Lyon, Hale, and Bancroft, Rural New Yorker, pp
17, 18, (1898).

do Smith, E. N. Y. Horticullurist, (1898).

do Johnson, Bull. No. 17, n. s., Div. Ent. U. S. Dept. Agr.

pp. 39-43, (1898).*

do Alwood, Bull. No. 72, Va. Agr. Exp. Sta., p. 11, (1898)

do Cockerell, Entom., vol. XXXI, p. 239, (1898).*

Ent. News, vol. IX, pp. 95, 96, (1898).*

do Smith, Bull. No. 125, N. J. Agr. Exp. Sta., pp. 9-14

(1898).

do Howard and Marlatt, Bull. No. 3, n. s., Div. Ent. U. S
Dept. Agr., p. 80, (1898).

do Gould, Bull. No. 144, Corn. Univ. Agr. Exp. Sta., pp
9-11, (1898).

do Newstead, Entom., vol. XXXI, p. 98, (1898).*

do Discussion, Proc. Ent. Soc. London, p. 13, (1898).*
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Aspidiotus jiernlciosus Smith, Rept. Ent. Dept. N. J. Agr. Col. Exp. Sta. for

1897, pp. 436-492, (1898).

do Perkins, Bull. No. 60, Vt. Agr. Exp. Sta., pp. 12-14,

(1898).

do Forbes, 20th Rept. St. Ent. 111., pp. 1-25, (1898).

do Emory, Trans. Penin. Hurt. Soc, pp. 107-113, (1898).

do Bancroft, Trans. Penin. Hort. Soc, pp. 113-128, (1898).

do Webb, Trans. Penin. Hort. Soo., pp. 114, 115, (1898).

do Smith, Bull. No. 17, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 32-39, (1893).*

do Fletcher, Rept. Ent. Soc. Ontario, vol. XXVIII, pp.

78, 79, (1898).*

do Johnson, Can. Ent., vol. XXX, pp. 82, 83, (1898).*

do Webster, Can. Ent. vol. XXX, pp. 169-172, (1898).*

do Felt., Bull. 17, n. s., Div. Ent. U. S. Dept. Agr., pp. 22,

23,(1898).*

do Hopkins, Bull. 17, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 44, 45, (1898).*

do Discussions, Bull. 17, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 50-55, (1898).*

do MatrdortT, Zeits. fur Pflanzenkranheiten, vol. VIII, p.

1, (1898).*

do Sorauer, Zeits. fur Pflanzenkrankheiten, vol. VIII, p.

46, (1898) *

do Sorauer, Zeits. fur Pflanzenkheiten, vol. VIII, p. 104,

(1898).*

do Stedman, Bull. No. 41, Mo. Agr. Exp. Sta., p. 35,

(1898).

do Hunter, Bull. Dept. Ent. Kans. Univ., p. 62 (1898).

do Howard, Bull. No. 12, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 1-31, (1893).

do Johnson, Can. Ent., vol. XXXI, pp. 87, 88, (1899).*

do Scott, Bull. 20, n. s., Div. Ent. U. S. Dept. Agr., pp.

83, 84, (1899).*

do d'Utro, Bull. Inst. Agron, S. Paulo, vol. X, Nos. 11

and 12, (1899).*

do Goethe, Bericht Kgl. LehraustadtObst. Wein.andGar-
tenbau, Geieenheim a R., p. 16, (1899).*

do Newstead, Reprint Jour. Royal Hort. Soc, p. 8, (1899).*

do Webster, Can. Ent., vol. XXXI, p. 4, (1899).*

do King, Can. Ent., XXXI, pp. 225, 220, (1899).*

do Howard and Marlatt, Bull. 20, n. s., Div. Ent.U. S. Dept.

Agr., pp. .36-39, (1899).

do Howard, Year-book Dept. Agr., pp. 143, 144, (1899).

do Johnson, Bull. No. 20, n. s., Div. Ent. U. S. Dept. Agr.,

(1899).*

do Reh, Mitth. Nat. Mus. Hamburg, vol. XVI, pp. 125-

141, (1899).*

do Cockerell, Bull. No. 32, Ariz. Agr. Exp. Sta., p. 274,

(1899).*

do Hunter, Kans. Univ. Quart., vol, VIII, No. 1, pp. 10, 11,

(1899).
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Asp'uliotus perniciosus Cockerell and Parrott, Industrialist, p. 276, (1899).*

do Fuller, Tr. Ent. Soc. London, pt. IV, p. 465, (1899).*

do Lampa, Ent. Tidsk., pp. 63-65, (1899).*

do Frank and Kruger, Schildlausbuch, pp. 58-72, (1900).*

do Smith, Bull. No. 146, N. J. Agr. Exp. Sta., 20 pages,

(1900).*

do Scott, Bull. No. 26, n. s., Div. Ent. U. S. Dept. Agr., p.

49, (1900).*

do Woodworth, Bull. No. 26, n. s., Div. Ent. U. S. Dept.

Agr., p. 92, (1900).*

do Reh, Bull. 32, n. s., Div. Ent. U. S. Dept. Agr., pp.

79-83, (1900).*

Zool. Anzeiger, No. 624, pp. 502-504, (1900).*

Reprint Jahrb. Hamburg wiss. Anst., pp. 1-21,

(1900).*

Zeitschrift fur Entom. , vol. V, pp. 161, 162, ( 1900 ).*

do May, Mitth. Naturhist. Mus. Hamburg, vol. XVI, pp.

151-153,(1900).*

do Johnson, Bull. No. 26, n. s., Div. Ent. U. S. Dept. Agr.,

pp. 73-75, (1900).*

do Cockerell, Science, n. s., vol. XII, No. 300, pp. 488, 489,

(1900).*

do Kellogg, Science, n. s., vol. XIII, pp. 383-385, (1901).

do Webster, Science, n. s., vol. XIII, p. 511, (1901),

Aspidiotus green it.

Aspidiotus greenii Cockerell, Dept. Agr., Div. Ent., Tech. Ser., No. 6, p. 27,

(1897).

do Cal. Fruit Grower, 20, No. 23, pp. 4, 5, (1897).

do Hunter, K. U. Quart., vol. VIII, No. 1, p. 11, (1899).

do Cockerell, An. and Mag. Nat. Hist., ser. 7, III, p. 169,

(1899).

Am. Nat., XXXI, p. 73, Aug. 1897.*

Ent. Mo. Mag., XXXIV, pp. 184, 185, Aug. 1898.*

Entom., XXXII, p. 93, Apr. 1899.*

do Ckll. and Parrott, Industrialist, p. 277, May, 1899.*

do Marlatt, Can. Ent, XXXI, pp. 208-211, Aug. 1899.*

do Hempel, Rev. Mus. Paulista, IV, p. 502, 1900.*

Aspidiotus hcderm uerii Bouche.

Aspidiotus nerii Bouche, Schadl. Gart. Ins., p. 52, (18.33).

Diaspis bouchei Targioni-Tozzetti, Stud. sul. Coccin, (1867).

Aspidiotus nerti Comstock, Rept. Ent. in Rept. Com. Agr., p. 301, (1880).

do Maskell, Trans. N. Zeal. Inst., XIV, p. 217, (1881).*

do Comstock, 2d Rept. Corn. Univ. Exp. Sta., p. 63, (1883).*

do Hubbard, U. S. Dept. Agr., p. 35, (1885).

do Oscar Schmidt, Archiv. Naturgesch., LI, No. 1, pp. 169-200,

(1885).*

Thesis at Berlin University, (1885); rev. in

Ent. Nach., p. 119, (1886).*

do Lemoine, Ann. Soc. Ent. France, p. CXC, (1886).*

do Douglas, Ent. Mo. Mag., XXIII, pp. 151, 152, (1886).*
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Aspidiotus nerii Maskell, Scale Insects N. Zeal., p. 44, (1887).*

do Morgan, Ent. Mo. Mag., XXV, p. 350, (1889).*

do Cockerell, Gard. Chron., p. 548, No. 14, (1893).*

Journ. Inst. Jamaica, p. 255, (1893).*

Trans. Am. Ent. Soc, XX, p. 367, (1893).

Ent. News, vol. V, pp. 79, 211, (1894).*

Ent. Mo. Mag., XXX, pp. 57-59, (1894).*

N. M. Ent., No. 2, (1894).

Journ. Trin. Nat. Field Club, vol. 2, No. 12, p. 307,

(1896).

do Johnson, Div. Ent., n. a.. No. VI, pp. 75-78, (1886).

do Townsend, U. S. Dept. Agr., Div. Ent., Tech. Ser., No. 4, p. 11,

(1896).

do Green, Indian Mus. Notes, vol. IV, No. 1, p. 4, (1896).*

Ent. Mo. Mag., XXXIII, p. 69, (1897).*

do Gillette, Colo. Agr. Coll. Exp. Sta., Bull. No. 31, Tech. Ser.,

No. 1, p. 129, (1898).

do Hunter, K. U. Quart., vol. VIII, p. 11, (1899).

do Newell, Iowa Sta., Bull. 43, p. 168, (1899).

do King, Psyche, vol. VIII, No. 276, p. 250, (1899).

do Cockerell, Am. Mag. Nat. Hist., p. 167, (1899).*

Biol. Cent. Am,, II, part II, p. 20, (1899).*

Asjyidiotus (esculi solus (s. sp. n.)

Aspidiotus cescuU solus Hunter, K. U, Quart., vol. VIII, No. 1, p. 12, (1899).

do Newell, Cont. from Ent. Dept. Iowa St. Agr. Coll. No.

3, p. 13, (1899).

Mytilaspis 2>oinoriim.

Aspidiotus concJiifor'niis of Anthers, but not A. conchiformis Gmelin, Syat.

Nat., 2221, 37 (1788), which species infests elm.

do 2^omorum Bouche, Ent. Zeitung Stett. (1851), 12, No. 1.

do pyrus-malus Rob. Kennicot, Acad. Sci. Cleveland, (1854).

do juglandis Fitch, Ann. Rept. N. Y. St. Agr. Soc, p. 163, (1856).*

Mytilaspis ioomicorticiH Riley, 5th Rept. St. Ent. Mo., p. 95, (1872).

Afytilaspis 2^omorum, Signoret, Ann. de la Soc. Ent. de France, p. 95, (]870).

do Maskell, Tr. N. Zeal. Inst, vol. XI, pp. 192-194, (1879).*

Mjjtilas2:)'s [xJomicorticis) liomorum Comstock, Rept. Ent. in Rept. Com. Agr.,

(1880).

do Signoret, Tr. on Ins. Inj. Fruits and Frt

Trees, by M. Cooke, Sacr., p. 37

(1881).

do Bethune, Ann. Rept. Ent. Soc. Ont., pp
77, 78, (1881).

do Comstock, 2d Rept. Dept. Ent., Corn

Univ. Exp. Sta., p. 118, (1883).

do Douglas, Ent. Mo. Mag. , vol. XXII, p. 68

(1884).*

Douglas, Ent. Mo. Mag., vol. XXII, p
219, (1886).*

Douglas, Ent. Mo. Mag., vol. XXIII, p
27, (1886).*
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Mytilaspis (pomicorlicts) pomorum Maskell, Sea. Ins. in N. Z., p. 51, (1887).

do Weed, Bull. Ohio Agr. Exp. Sta., vol. Ill

No. 4, p. 127, (1890).

do Maskell, Ent. Mo. Mag., vol. XXVI, p
277, (1890).*

Mytilaspis pomorum Fletcher, Can. Cent. Exp. Farm, Bull. No. 11, p. 36, 1891

do Townsend, N. M. Sta., Bull. No. .3, p. 19, (June, 1891).

do Panton, Ont. Agr. Coll. Exp. Sta., Bull. No. 62, p. '7

(1891).

do Huet and Louise, Bull. Min. Agr., Paris, 11, No. 7, pp
765-768, (1892).

do Smith, Rept. Ent. N. J. Agr. Coll, Exp. Sta., p. 494

(1894).

do Howard, Year-book U. S. Dept. Agr., pp, 252, 254, 259.

(1894).*

do Howard, U. S. Dept. Year-book, pp. 249-276, (1894).

do Lintner, Bull. N, Y. St. Mus. 3, No. 13, pp. 276-305

(1895).

do Taft, Mich. St. Agr. Coll. Exp, Sta.. Bull. No. 121, p. 25,

(Apr. 1895),

do Lowe and Sirrine, N. Y, St, Rept., pp. 525-535, (1896),

do Saccardo, Rivista Pat. Veg., IV, p. 54, (1896),*

do Berlese, Le Cocciniglie Italiane, P. Ill, p. 297, (1896).

do Berlese, Rivista Pat. Veg., IV, Nos. 1-12, (1896).*

Rivista Pat. Veg., V, Nos. 1-4, (1896).*

do Webster, Ind. Hort. Rept., p. 6, (1896).

do Johnson, Dept. Agr., Div. Ent., Bull. 6, n. s., pp. 75-78,

(1896).

do Fletcher, Can. Exp. Farms Repts., pp. 250-264, (1896).

do Harvey, Mo. Sta, Rept., pp. 117-123, (1896).

do Quinn, Garden and Field, 22, No. 1, pp. 24, 25, (1896).

do King, Can. Ent,, p. 228, (18— ).

do Perkins, Vt. Agr. Exp. Sta., Bull. No. 60, pp. 9-12, (1897).

do Starnes, Ga. Sta., Bull. 36, (1897).

do Panton, Ont. Agr. Coll, and Exp. Farm, Bull. 105, p. 15,

(1897).

do Barrows and Pettit, Mich. Sta., Bull. 160, pp. 339-4,36,

(1897).

do Lowe, N. Y. Agr. Exp. Sta., Bull. No. 136, p. 578, (1897).

do Fletcher, Exp. Farms, pp. 187-230, (1897).

do Lea, Producers' Gaz. and Settlers' Rec, 5, No. 6, pp. 465-

483, (1897).

do Gillette, Colo. Agr. Coll. Exp. Sta., Bull. No. 47, p. 13,

(1898).

do Parrott, Trans. Kan. St. Hort. Soc, Bull. 23, pp. 106-109,

(1898).

do Hunter, Bull. Dept. Ent, p. 25, (Jan. 1898).

do Gillorders, Reprint Trans. Ann. Manchester Micr. Soc, p.

7, (1898).*

do Chambliss, Tenn. Sta. Bull., vol. X, No. 4, pp. 141-151,

(1898).

do Leonardi, Annali di Agr., p. 133, (1898).
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Mytilaspis pomorum Newstead, Ent., XXXI, p. 98, (1898).

do Brick, Station fur Pfianzenschutz zu Hamburg, 1, p. 34,

(1898-'99).

do Bruner, Ins. Enemies Apple Tree, p. 14G, (1899).

do Smith, N. J. Agr. Coll. Exp. Sta. , Bull. No. UO, p. 7, (18—).

do Newell, Iowa Sta., Bull. 43, pp. 159, 160, (1899).*

do Fernald, Com. Pa. Dept. Agr., Bull. No. 4.3, p. 16, (1899).

do Johnson, U. S. Dept. Agr., Div. Ent., Bull. 20, n. s., p.

66, (1899).

do Marchal, Bull. Soc. D'Arc. de France, p. 11, (1899).

do Troop, Ind. Agr. Exp. Sta., Bull. No. 78, vol. X, (1899).

do Reh, Mitt. Naturhist. Mus. Hamburg, XVI, pp. 125-141,

(1899).*

do Leonardi, Lab. di Ent. Agr. in Portici, p. 5, (1899).

do Hunter, K. U. Quart., vol. VIII, No. 1, p. 14, (1899).

do Proc. Acad. Nat. Sci. Phila., p. 275 (1899).*

do Fletcher, Rept. Ent. and Bot., p. 17, (1900).

do Reh, Jahrb. Hamb. Wisg. Anst., XVII, pp. 3-5, (1900).*
Zeitschrift fur Ent, V, p. 161, (1900).*

do Hempel, Rev. Mus. Paulista, IV, pp. 512, 513, (1900).*

do Lochhead, Bull. Dept. Agr., p. 40, (1900).

do Frank and Kruger, Schildlausbuch, pp. 90-98, (1900).*

do Harvey and Munso, Me. Sta. Bull. 56, pp. 105-144, ( ),

Mj/filaspis citvicola Packard.

Mytilaf^pis citrieola Packard, Guide to Study Insects, 2d ed., p. 527, (1870).

do Comstock, U. S. Dept. Agr. Rept. for 1880, p. .321.

do Hubbard, Rept. U. S. Dept. Agr., Div. Ent., pp. 107-109^
(1881)*; pp. 157-159, (1883).*

do Comstock, 2d Rept. Ent. Corn. Univ. Exp. Sta., p. 117,

(1883).

Mytilaspis flaveocus Targioni, Annali di Agricultuta, p. 392, (1884).*

Mytilaspis citi-icola Yoyle, Bull. 4 (O. S.), Div. Ent. U. S. Dept. Agr., pp.
70-73, (1884).*

do Maskell, Ent. Mo. Mag., XXVIII, p. 70, (1892).*

do Cockerell, Ent. Mo. Mag., XXIV, p. 155, (1893).*

do Craw, Cal. St. Bd. Hort. Be\.K., pp. 90-96, (1894-'94).

do Cockerell, Journ. Trinidad Field ?^^at. Club, p. 306, (1894).*

do Smith, Ent. News, V, pp. 184, 185, •:1894).*

do Green, Coccidie Ceylon, pt. I, pp. 78-80, (1896).*

do Marlatt, Dept. Agr., Year book, pp. 217.2.36, (1896).

do Cockerell, Bull. Dept. Bot. Jamaica, IV, n. s., pp. 108,

109, No. 65, (1897).*

do Froggatt, Agr. Gaz., N. S. Wales, 9, No. 10, pp. 1210-1221,
(1898).

do Maskell, Ent. Mo. Mag., XXVII, p. 70, (1898).

do Producers' Gaz. and Settlers' Rec. (West. Aus.), 5, No. G,

pp. 465-483, (1898).

do Frank and Kruger, Schildlausbuch, p. 99, (1900).*

do Ilempel, Rev. Mus. Paulista, IV, pp. 513, 514, (1900).*

do Reh, Zeits. fur. Ent., V, p. 162, (1900).*

do Cockerell, Rev. Mus. Paulista, IV, p. 363, (1900).*

do Morgan, La. Sta. Bull. 28, 2d ser., pp. 982-1005, ( ).

Sp. Bull., pp. 51-110 ( ).
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Diaspis snowii.

Diaspis snowii Hunter, K. U. Quart., vol. 8, No. 1, p. 14, (1899).

Leea niiini a u ra ntiacu in .

Lecanium maclurce Hunter, K. U. Quart., vol. 8, No. 2, p. 67, (1899).

Lecanium aurantiacmn Hunter, K. U. Quart., vol. 9, No. 2, p. 107, (1900).

Lecanium canadense.

Lecanium earyce, var. canadense Ckll., Can. Ent., vol. 27, p. 253, (1895).

Lecanium canadense Ckll., Can. Ent., vol. 30, p. 294, (1898).

do Cockerell and Parrott, Industrialist, p. 232, (1899).

do Hunter, K. U. Quart., vol. 8, No. 2, p. 63, (1899).

do King, Can. Ent., vol. XXXI, p. 252, (Sept. 1899).

do Hunter, K. U. Quart., IX, ser. A., No. 2, p. 107, (Apr.

1900).

do King, Psyche, IX, p. 117, Oct. 1900.

Leca n iuni hansasen se.

Lecanium kansasense Hunter, K. U. Quart., vol. 8, No. 2, p. 69, (1899).

Lecaniiini cockcvcUi Hunter.

Lecanium cockerclli Hunter, K. U. Quart., vol. VIII, No. 2, p. 70, (1899).

K. U. Quirt., vol. IX, No. 2, p. 107, (1900).

do King, Can. Ent., vol. — , p. 252.

Psyche, IX, p. 117, Oct. 1900.

Lecanium armeniaciun.

Lecanium armeniacum Craw, Cal. St. Bd. Hort., Div. Ent., pp. 12, 13, 1891.

do Cockerell, Can. Ent., vol. 26, No. 2, p. .35, (1891).

do Felt, Bull. N.Y.St. Mus., vol. V, No. 23, p. 240,(1898).

do Webster, Can. Ent, p. 81, (Apr. 1898).

do Cockerell and Parrott, Industrialist, p. 233, (Apr. 1899).

do Cockerell, Journ. N. Y. Ent. Soc, VII, p. 257, Dec.

1899.*

do Maskell, Trans. N. Z. Inst., XXVII, p. 59, 1894, ( 1895)*.

do King, Psyche, IX, p. 117, Oct. 1900.

do Hunter, K. U. Quart., VIII, ser. A, No. 2, pp. 71-75,

pi. XV, fig. 4, Apr. 1899.

Lecanium hespeyidum Linn.

Coccus hesperidum Linn., Syst. Nat., II, 739, (1735).

do Faun. Suec, 1015, (1746).

do Frish, Ins., 12, 12, (1736).

do Sulzer, Ins., p. 1091, tab. 12, fig. 8, (17r )

do Fabricius, Syst. Entom., p. 743, ( 1775).

do Modeer, Act. Gothenb., 1, 19, 8, (1778).

do SchaefFer, Eelem. Entom., tab. 48, (1766).

do Schrank, Enum. Insect Austrite, pp. 295, 583, (1781).

do Gmelin, Syst. Nat., 2215, (1788).

do De Villers, Linn^i Entomologia ( Syst. Nat. ?), p. 558, ( 1789).

do Olivier, Encycl. Method, VI, 93, (1791).

do Fabricius, Entom. Syst., IV, 244, et Syst. Ryng., 300.

do Schaeffer, Icones Insect, tab. CXI, fig. 2, (1804).
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Coccus hcspe7'idum Gene, Inaetti Nocivi, etc., p. 113, tab. II, fig. 12, (1827).

do FoDscolombe, Ann. Soc. Ent. Fr., 3, vol. 208, (1831).

do Burmeister, Handb. der Entomologie, p. 69, (1835).

Calymnatus hesperidum Costa (O. G.), Nueve Observ., tab. 1, fig. 1, (1835).

Calypticus Icevls Costa (O. G.), Faun. Ins. Nap. Galling, 8, 1, (1837).

Lecanium hesjyeridum. Blanchard, Hist. Nat. Ins., (1810).

Calypticus hesp>eridum Lubbock, Proc. Roy. Soc, IX, 480, (1858).

Proc. Roy. Soc, IX, 480, and Ann. Nat.

Hist., Ill, 306, (1859).

do Beck, Trans. Micr. Soc. London, n, s., 47, (1861).

do Boisduval, Eotom. Hort., 331, (1867).

do Targioni-Tozzetti, Catal., 37, 5, (1868).

Lecanium hesp)eridum Signoret, Ann. Soc. Ent. Fr. p. 830, 856, (1868).

do Targioni-Tozzetti, Intr. Seconda Mem. Coccin., p. 37,

(1868).

do Signoret, Ann. Soc. Ent. Fr., p. 399, (1873).

do Maskell, Trans. N. Z. Inst., XI, pp. 205, 206, pi. VI, fig.

12, 1878, (1879).*

do Ashmead, Orange Insects, pp. 32, 33, fig, 10; pi. I, fig.

14, 1880.*

do Comstock, Rept. Ent., in Rept. Comr. Agr., 1880, p. 335.

do Targioni-Tozzetti, Ann. di Agr. (R. Minist. Agr.), p.

142, (1881).

do Comstock, 2d Rept. Dept. Ent. in Corn. U. Exp. Sta.,

p. 134, (1883).

do Hubbard, Ins. aff. Orange., U. S. Dept. Ent
, p. 48,

(1885).

do Douglas, Ent. Mo. Mag., XXII, p. 159, Dec. 1885.*

do M. Cooke, Treat. Ins. Inj. to Fruit and Fruit-trees,

Sacramento, p. 36, (1886).

do Atkinson, Journ. Asiat. Soc. Bengal, LV, pt. II, No. 3,

pp. 281, 282, 1886.*

do Maskell, Sea. Ins. N. Z., p. 80, (1887).

do Penzig, Studi Botanici sagli a grumi e sulle piante atfin

(Ann. Min. Agr.), p. 521, (1887).

do Douglas, Ent. Mo. Mag., XXIV, pp. 25-27, July, 1887.*

do Moniez, Bull. Soc. Zool. Fr., XII, pp. 150-152, 1887.*

do Douglas, Ent. Mo. Mag., XXVII, pp. 244, 245, pi. 2, fig.

1, Sept. 1891.*

do Waesilieff, Trav. Soc. Varsavie, II, No. 6, pp. 10-12,

1891.*

do Berlese, Rivista Pat. Veg., I, p. 61 (58-70), figs. 4^6,

1892.*

do Coquillett, U. S. Dept. Agr., Div. Ent., Bull. No. 26, p.

26, (1892).

do Maskell, Trans. N. Z. Inst., XXV, pp. 218, 219, 1892,

(1893).*

do Cockerell, Trans. Am. Ent. Soc, April, 1893, p. 49.

do Maskell, Ent. Mo. Mag., XXIX, pp. 103, 104, May, 1893.*

do G. del Guercio, Staz. Sper. Agr. Ital., 24, pp. 573-592,

(1893).

do Cockerel!, Ann, and Mag. Nat. Hist., ser. 6, p. 52,

(1893).
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Lecaniumhesperidum 'K.oQhele, Dept. Agr., Div. Ent., Bull. 32, pp. 33-36,

(1893).

do Cockerell, Trans. Am. Ent. Soc, vol. XX, p. 49, 1893.*

Bull. Bot. Dept. Jamaica, Feb. 1894, pp. 18,

173, No. 13.*

do Douglas, Ent. Mo. Mag., XXX, p. 29, Feb. 1894.*

do Cockerell, Ent. News, p. 210, (Sept. 1894).

do Berlese, Le Cocciniglie Italiene, pt. II, p. 113, (1894).

do Smith, Rept. Ent., N. J. Agr. Coll. Exp. Sta., p. 501,

(1894).

do Cockerell, Act. Soc. Sci. Chili, V, p. 24, 1895.*

do Gillette, Colo. Agr. Exp. Sta., Bull. No. 31, Tech. Ser.,

No. 1, p. 127, (1895).

do Townsend, U. S. Dept. Agr., Div. Ent., Tech. Ser., No.

4, p. 11, (1896).

do Cockerell, Amer. Nat., July, 1897, p. 590.*

do Osborn, Proc. Iowa Acad. Sci., V, p. 226, 1897, (1898).*

do Producers' Gaz. and Settlers' Rec. (W. Aus.), V, No. 6,

pp. 465-48,3, (1898).

do Hunter, K. U. Quart., vol. VIII, No. 2, p. 75, (1899).

do King, Can. Ent., vol. XXXI, p. 140, (June, 1899).

do Gossard, Fla. Exp. Sta., Bull. No. 51, p. 113, (Jan. 1900).

Lecaniuni coffece.

Lecanium cojfece Cockerell, Bull. Bot. Dept. Jamaica, vol. 1, P. 5, p. 71, (May,
1894).

do Cockerell and Parrott, Cont. to Knowledge of Coc, XXX,
Industrialist, vol. — , No. —

, p. 164, (1899).

do Cockerell, Nat. Sci. Phila., p. 270, (1899).

do Hunter, K. U. Quart., vol. 8, No. 2, p. 75, (1899).

do King, Can. Ent., vol. XXXI, p. 140, (June, 1899).

do Hempel, Rev. Mus. Paulista, IV, p. 426, (1900).*

do Cockerell, Rev. Mus. Paulista, IV, p. 363, (1900).*

do Watt, Pests and Blights of the Tea Plant, p. 330, 1898.*

do Atkinson, Journ. Asiat. Soc. Bengal, LV, pt. II, No. 3, pp.

282-284, 1886.*

do Maskell, Ent. Mo. Mag.", XXVIII, p. 71, Mar. 1892.*

Lecaniuni olece Bernard.

Chermes olece Bernard, Mem. d' Hist. Nat. Acad., 108, pi. 2, fig. 25, (1782).

Coccus olece Olivier, Encycl. Method., 95, 6, (1791).

do Giovene, Mem. Soc. Italie, vol. XIV, p. 128, (1809).

do Fonscolombe, Soc. Ent. Fr., p. 206, (1834).

do (ex. p.) Costa (A.), Insetti dell' Olivo, etc., p. Ill, (1840).

Lecanium olece Walker, List of Hompt. in the Coll. of Brit. Mus., P. IV, p. 1070,

(1852).

do Boisduval, Entom. Hortic, 319, fig. 38, (1867).

do Targioni-Tozzetti, Catalogo, etc., pp. 39-22, (1868).

do Signoret, Essai sur les Cochen, p. 440, (1873).

do Goureau, Ann. Soc. Fr., 2d Serie, 11.

do Costa (A.), Degl. Insetti che Attacaua I'Albero ed il Frutto dell'

Olivo, p. 122, pi. IV, A, figs. 11, 12, 1877.*
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Lecanium olece Comstock, Kept. Ent., in Kept. Com. Agr. 1880, p. 336.

do Signoret, Treatise on Ins. Inj. to Frt. and Frt. Trees, by M.

Cooke, Sacr., 1881, p. 35.

do Chapin, 1st Kept. St. Bd. Hort. Com. Cal., pp. 65-68, 1882.*

Pac. Rural Press, Sept. 28-Nov. 21, 1882.*

do Hubbard, Ins. aflf. Orange, U. S. Dept. Ent. 1885, p. 53.

do Riley, Bull. 12 (O. S.), Div. Ent. U. S, D. A., pp. 31-36, 1885,

(1886).*

do Maskell, Sea. Ins. New Zealand, p. 82, (1887).

do Penzig, Studi Botan. Agrumi, etc. (Ann. Min. Agr.), p. 527,(1887).

do Douglas, Ent. Mo. Mag., XXVII, pp. 307, 308, Nov. 1891.*

do Coquillett,U. S. Dept. Agr. Div. Ent, Bull. No. 26, p. 28-33, (1892).

do Berlese, Riv. Pat. Veg., I, p. 62 (58-70), 1892.*

Riv. Pat. Veg., Ill, Nos. 1-8, 1893.*

do Cockeiell, Trans. An. Soc. Ent., p. 55, (Apr. 1893),

do Craw, Cal. St. Bd. Hort. Rept., pp. 90-96, (1893-'91).

do ' Cockerell, Can. Ent., vol.
, p. 41, ( -).

do Berlese, Le Cocciniglie Italiane, part II, p. 120, (1891).

do Cockerell, Bull. Bot. Dept. Jamaica, I, p. V, p. 72, (May, 1894).

Journ. Trin. Field Nat. Club, I, p. 307, No. 7, Feb. 1894.*

Journ. TriQ. Field Nat. Club, I, No. 12, p. 307, (1894).

Amer. Nat., XXIX, p. 727, Aug. 1895.*

do Gillette, Colo. Agr. Exp. Sta., Bull. No. 31, Tech. Ser., No. 1,

p. 127, (1895).

do Tourney, Ariz. Sta., Bull. 14, pp. 29-56, (1895).

do Saccardo, Riv. Pat. Veg., IV, pp. 48, 49, 1895, (1895-'96).*

do Ckll., Appx. Bull. Misc. Information (Trinidad), II, pp. Ill and

IV, No. 23, Apr. 1896.*

do Marlatt, Year-book Dept. Agr., p. 220, (1896).

do Ckll., Cal. Fruit Grower, XX, May 8, 1897, p. 4.*

do Maskell, Tr. N. Zeal. Inst., XXIX, pp. 309, 310, 1896, (1897).*

do Green, Ent. Mo. Mag., XXXIII, p. 72, Mar. 1897.*

do Lea, Producers' Gaz. and Settlers' Rec. (W. Aus.), 5, No. 6, pp.

465-183, (1898).

do Froggart, Agr. Gaz. N. S. Wales, 9, No. 10, pp. 1216-1221, ( 1898).

do Leonardi, Lab. di. Ent. Agr. in Portici, p. 7, (1899).

do Hunter, K. U. Quart, vol. VIII, No. 2, p. 75, (1899).

do Guercio, Atti R. Accad. Econ. Agr. Georg. Firenze, 4 ser., 22,

No. 1, pp. 50-76, (1899).

do Morgan, La. Sta., Sp. Bull. —
, pp. 51-110, (1899).

do Cockerell and Parrott, Industrialist, Mar. 1899, p. 163.

do Fuller, Tr. Ent. Soc. London, 1899, part IV, pp. 459, 460.*

do Gossard, Fla. Agr. Exp. Sta., Bull. No. 51, p. 115, (Jan. 1900).

Lecaniodiaspis (?) pavrotti.

Lecaniodiaspis parrotti Hunter, K. U. Quart., vol. 8, No. 2, p. 76, (1899).

Lecaniodiaspis celtidis pviiiiiosus.

Lecaniodiaspis celtidis 2^ruinosus Hunter, K. U. Quart., vol. 8, No. 2, p. 77,

(1899).
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Chionasjyis ortliolobis.

€hionas2yis ortholobis Comstock, Eept. Ent., in Rept. Com. Agr., p. 317, (1880).

2d Rept. Dept. Ent., Corn. U. Exp. Sta., p.

105, (1883.)

do Packard, 5th Rept. U. S. Ent. Com., p. 594, (1890).

do Cockerell, Can. Ent., vol. XXVI, p. 189, (1894).

do Howard, Ins. Life, vol. VI, p. 328, (1894).

.do Gillette and Baker, Hemipt. of Colo., p. 129, (1895).

do Cockerell, Bull. 24, N. M. Agr. Exp. Sta., p. 38, (1897).

do Osborn, Contr. from Dept. Zool. and Ent., Iowa Agr.

Coll., No. 3, p. 5, (1898).

do Cooley, Hatch Exp. Sta., Mass. Agr. Coll., Spec. Bull.,

pp. 17, 18, (1899).

do Hunter, K. U. Quart., vol. 9, No. 2, p. 101, (1899).

do Newell, Bull. Iowa Agr. Sta. No. 43, pp. 154, 155, (1899).

do King, Psyche, IX, p. 117, Oct. 1900.

Chionaspis salicis-nigrce.

Aspidiotus salicis-nigrce Walsh, 1st Rept. Nox. Ins. 111., p. 39, (1867).

Mytilaspis salicis Le Baron, Trans. 111. Hort. Soc, App., p. 140, (1871).

2d Rept. St. Ent. 111., p. 140, (1872).

Chionaspis salicis Comstock, Rept. U. S. Dept. Agr., p. 320, (1881).

do Osborn, Trans. Iowa St. Hort. Soc, vol. XVII, p. 214, (1882).

do Comstock, 2d Rept. Ent., Corn. U. Exp. Sta., p. 106, (1883).

Intro. Ent., part I, p. 151, (1888).

do Packard, 5th Rept. U. S. Ent. Com., p. 593, (1890).

Mylilasp is salicis Forhes, 17th Rept. Nox. and Benif. Ins. 111., App., p. 23, (1891).

Chionaspis salicis Lugger, Bull. 43, Minn. Agr. Exp. Sta., p. 224, (1895).

do salicis-nigrce Gillette and Baker, Bull. 31, Colo. Exp. Sta., p. 129,

May, 1895.*

Chionaspis salicis Lugger, 1st Ann. Rept. Ent. Minn., p. 128, (1895).

do Osborn, Proc. Iowa Acad. Sci., vol. V, p. 224, (1898).

Contr. from Dept. Zool. and Ent. Iowa Agr. Coll.,

No. 3, p. 4, (1898).

Chionaspis ortholobis bruneri Cockerell, Can. Ent., vol. XXX, p. 135, (1898).

Chionaspis salicis-nigrce Cooley, Hatch Exp. Sta. Mass., Spec. Bull., pp. 19-22,

(Aug., 1-899).

do Hunter, K. U. Quart., vol. 9, No. 2, p. 101, (1899).

Chionaspis cunericana.

•Chionaspis americana (Johnson MS.), Howard, Bull. U. S. Dept. Agr., Div.

Ent., Tech. Ser., No. 1, p. 44, (1895).

do Lugger, Minn. Sta. Bull. 43, p. —, (1895).

do Johnson, Ent. News, vol. VII, p. 150, (1896).

do Johnson, Bull. 111. St. Lab. Nat. Hist., vol. IV, p. 390,

(1896).

do Johnson, Bull. 6, n. s., Div. Ent. U. S. Dept. Agr.,

p. 177, 1896.

do Lugger, 1st Ann. Rept. Ent. Minn., p. 129, (1896).

do Cooley, Hatch Exp. Sta., Mass. Agr. Coll., Spec. Bull.,

pp. 41-43, (1899).
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Chionas2:>is americana Hunter, K. U. Quart., vol. 9, No. 2, p. 102, (1899).

do Newell, Iowa Sta., Bull. 43, p. 152, (1899).

do King, Psyche, vol. IX, p. 117, Oct. 1900.

Chionaspis jtlatani.

Chionaspis platani Cooley, Hatch Exp. Sta., Mass, Agr. Coll., Spec. Bull.,

p. 36, (Aug. 1899).

do Hunter, K. U. Quart., vol. 9, No. 2, p. 102, (1899).

Chionaspis pinifolice.

Aspidiotus pinifolice Fitch, Tr. N. Y. St. Agr. Soc, vol. XV, p. 488, (1856).

2d. Rept. Nox. Benif. Ins. N. Y., (1856).

Tr. N. Y. St. Agr. Soc, vol. XVII, p. 741, (1858).

4th Eept. Nox. Benif. Ins. N. Y., (1858).

do Walsh, Pract. Ent., vol. I, p. 90, (1866).

3Iytilas2Jis pinifolice Le Baron, 1st Ann. Rept. Nox. Ins. 111., p. 83, (1871).

2d Ann. Rept. Nox. Ins. 111., p. 161, (1872).

do Riley, 5th Ann. Rept. Nox. Benif. Ins. Mo., p. 97. (1873).

do Bessey, Rept. Iowa St. Agr. Soc. 1874, p. 232, (1875).

Chionaspis pinifolice, Comstoc^, Ann. Rept. U. S. Dept. Agr., 1880, p. 318,

(1881).

Myiilaspis pinifolice Packard, Ins. Inj. to Forest and Shade Trees, Bull. 7, U.
S. Ent. Com., p. 218, (1881).

Chionaspis innifolice Riley, Am. Nat., vol. XVI, p 514, (1882).

do Comstock, 2d Rept. Dept. Ent. in Corn. U. Exp. Sta ,

1883, p. 105.

do Saunders, Rept. Ent. Soc. Ont. 1883, p. 52, (1884).

do Lintner, 2d Ann. Rept. Inj. Ins. N. Y., p. 184, (1885).

5th Ann. Rept. Inj. Ins. N. Y., p. 266, (1889).

MytilaspiH pinifolice Packard, 5th Rept. U. S. Ent. Com., p. 805, (1890).

Chionaspis pinifolice Lintner, 7th Ann. Rept. Inj. Ins. N. Y., p. 384, (1891).

9th Ann. Rept. Inj. Ins. N. Y., p. 376, (1893).

do Howard, Bull. U. S. Dept. Agr., Div. Ent., Tech. Ser.

No. 1, pp. 13. 22, 52,(1895).

do Lintner, Bull. N. Y. St. Mus., 3, No. 13, pp. 267-305, (1895).

do Comstock, Man. Study Ins., p. 174. (1895).

do Gillette and Baker, List Hemipt. Colo., Bull. Colo. Agr.
Exp. Sta. No. 31, p. 129, (1895).

do Ckll., Am. Nat., XXIX, pp. 730, 731, Aug. 1895.

do Lintner, 10th Ann. Rept. Inj. Ins. N. Y., p. 518, (1895).

do Webster, Ind. Hort. Rept. 1896, p. 16.

do Johnson, Dept. Agr., Div. Ent., pp. 75-78, (1896).

do Lintner, 11th Ann. Rept. Inj. Ins. N. Y., p. 20.3, (1896).

do Cockerell, Bull. N. M. Agr. Exp. Sta. No. 24, p. 38, ( 1896).

do Barrows and Pettit, Mich. Sta., Bull. 60, pp. 339-436,

(1897).

do Osborn, Proc. Iowa Acad. Sci., vol. V, p. 224, (1898).

do Gillette, Bull. Colo. Agr. Exp. Sta. No. 47, p. 36, (1898).

do Pettit, Bull. Mich. Agr. Exp. Sta. No. 160, p. 415, (1898).

do Cooley, Hatch Exp. Sta., Mass. Agr. Coll., Spec. Bull.,

pp. 30-34, (Aug. 1899).

do Hunter, K. U. Quart., vol. IX, No. 2, p. 104, (1899).

do King, Can. Ent., p. 252.

do Newell, Iowa Sta., Bull. 43, pp. 157, 158, (1899).
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Chionaspis furfura.

? Harris, Rep. Ins. of Mass. Inj. Veg., p. 202, (1841).

AspicUotus furfiirus Fitch, Trans. N. Y. St. Agr. Soc, vol. XVI, p. 352, (1856).

As^ndiotits cerasi Fitch, Trans. N. Y. St. Agr. Soc, vol. XVI, p. 368, (1856).

As2iidiot us furfur lis Fitch, 3d Rept. Nox. and other Ins., p. 352, (1857).

Aspidiotus cerasi Fitch, 3d Rept. Nox. and other Ins., p. 368, (1857).

? Harris, Treat. Ins. Inj. Veg. (3d ed.), p. 254, (1862).

Coccus 1 harrisU Walsh, Pract. Ent., vol. II, p. 31, (1866).

Aspidiotus harrisii Walsh, Pract. Ent., vol. II, p. 119, (1867).

Ist Rept. Nox. Ins. 111., pp. 36-53, (1868).

do Riley, 1st Ann. Rept. Ins. Mo., p. 7, (1869).

Am. Ent., vol. II, pp. 110-181, (1870).

do 2d Ann. Rept. Ins. Mo., p. 9, (1870).

do Bethune, Rept. Ent. Soc. Ont., I, p. 303, (1870).

do Glover, Ann. Rept. U. S. Dept. Agr., 1870, p. 88, (1871).

do Bessey, Rept. Iowa St. Agr. Soc. 1874, p. 232, (1875).

Diaspis harrisii Signoret, Ann. Soc. Ent. Fr., ser. 4, vol. XVI, p. 604, (1876).

Aspidiotus harrisii Thomas, 7th Rept. Ins. 111., p. 108, (1878).

Chionaspis furfurus Comstock, Ann. Rept. U. S. Dept. Agr.-, 1880, p. 315, (1881).

Diaspis harrisii Riley, Am. Nat., vol. XV, p. 487, (1881).

Chionaspis furfurus Lintner, 1st Ann. Rept. Inj. Ins. N. Y., p. 331, (1882).

Ai^indiotus harrisii Packard, Guide Study Ins., p. 530, (1883).

Chionaspis furfurus Osborn, Tr. Iowa St. Hort. Soc, vol. XVII, p. 211, (1883).

do Hagen, Can. Ent., XVI, pp. 161-163, (1884).*

do Comstock, Intro, to Ent., part I, p. 151, (1888).

do Lintner, 4th Ann. Rept. Inj. Ins. N. Y., p. 208, (1888).

do Tryon, Rept. Ins. and Fung. Pests, No. 1, p. 89, (1889).

do Riley-Howard, Ins. Life, vol. I, p. 324, (1889).

do Lintner, 5th Ann. Rept. Inj. Ins. N. Y., pp. 300-326, (1889).

Aspidiotus cerasi Saunders, Ins. Inj. to Fruits, p. 204, (1889).

"A species of Coccus'^ Downing, Fruits and Fruit-trees of America, p. 66, (1890).

Chionaspis furfurus Riley-Howard, Ins. Life, vol. Ill, p. 4, (1890).

do Weed (C. M.), Bull. Ohio Agr. Exp. Sta., vol. Ill, No. 4,

p. 128, (1890).

do Packard, 5th Rept. U. S. Ent. Com., p. 537, (1890).

do Weed (C. M.), Ins. Insecticides, p. 66, (1891).

do Townsend, N. Mex. Sta., Bull. No. 3, p. 19, (1891).

do Gillette, Ins. Life, vol. Ill, p. 259, (1891).

do Weed (C. M.), Ann. Rept. Colum. Hort. Soc. 1890, p, 16,

(1891).

do Troop, Trans. Ind. Hort. Soc. 1891, p. 75, (1892).

do Morgan, Ent. Mo. Mag., vol. XXIX, p. 16, (1892).

do Webster, Bull. Ohio Agr. Exp. Sta. No. 45, p. 208, (1892).

do Lintner, 8th Ann. Rept. Inj. Ins. N. Y., pp. 293-299, (1893).

do Osborn, Rept. Iowa St. Hort. Soc, XXVII, p. 122, (1893).

do Marlatt, Ins. Life, vol. VII, p. 120, (1894).

do Smith, Ann. Rept. N.J. Agr. Exp. Sta., 1894, p. 496, ( 1894 i.

do Bruner, Arm. Rept. Neb. St. Hort. Soc, 1894, p. 175,(1894).

do Howard, Ins. Life, vol. VII, p. 5, (1894).

do Smith, Ins. Life, vol. VII, p. 186, (1894).

do Howard, Can. Ent., vol. XXVI, p. 354, (1894).

lO-K.U.Qr. A—x3
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Chionaspls furfurus Lintner, Bull. N. Y. St. Mus. 3, No. 13, pp. 266-305, (1895).

do Howard, Year-book U. S. Dept. Agr. 1884, p. 259, (1895).

do Garman, Ky. Sta. Kept., pp. 32-57, (1895).

do Lintner, 10th Ann. Kept. Inj. Ins. N. Y.,p. 518, (1895).

do Webster, Ind. Hort. Kept., p. 7, (1896).

do Fletcher, Ann. Kept. Can. Exp. Farm, 1895, p. 148, (1896).

do Hopkins, Dept. Agr., Div. Ent., Bull. No. 6, n. s., pp.

71-74, (1896).

do Howard, Trans. Mass. Hort. Soc. 1896, p. 89, (1896).

do Johnson, Dept. Agr., Div. Ent., Bull. No. 6, n. s., pp.

75-78, (1896).

do Lintner, 11th Ann. Rept. Inj. Ins. N. Y., pp. 202, 271,

288, (1896).

do Garman, 8th x\nn. Rept. Ky. Agr. Exp. Sta., p. 37, (1896).

do Smith, Econ. Ent., p. 119, (1896).

do Coons, Rept. Sec. Bd. Agr. Conn. 1896, p. 16, (1896).

do Starnes, Bull. Ga. Agr. Exp. Sta. No. 36, p. 27, (1897).

do Lowe, Bull. N. Y. Agr. Exp. Sta., p. 582, (1897).

do Starnes, Ga. Sta., Bull. 36, (1897).

do Lintner, 12th Ann. Rep. Inj. Ins. N. Y., p. 348, (1897).

do Webster, Bull. Ohio Agr. Exp. Sta. No. 81, p. 210, (1897).

do Lintner, Country Gentleman, July 8, 1897.

do Osborn, Proc. Iowa Acad. Sci., vol. V, p. 224, (1898).

do Parrott, Trans. Ks. St. Hort. Soc, vol. 23, pp. 106-109,

(1898).

do Gillette, Bull. Colo. Agr. Exp. Sta. No. 47, p. 12, (1898).

do Barrows and Pettit, Mich. Sta., Bull. No. 160, p. 415,

(1898).

do Kirkland, Mass. Crop Rep., June, 1898, p. 28, (1898).

do Pettit, Bull. Mich. Agr. Exp. Sta., p. 415, (1898).

do Osborn, Contr. from Dept. Zool. and Ent., Iowa Agr. Coll.,

No. 3, p. 4, (1898).

do Bruner, Ins. Enemies Apple Tree, p. 147, (1899).

do var. falvus King, Psyche, vol. VIII, p. 334, ( 1899).

King, Can. Ent., p. 251, (18—)-

do Cooley, Hatch Exp. Sta., Mass. Agr. Coll., p. 23, (Aug.

10, 1899).

do Fernald, Com. Pa. Dept. Agr., Bull. No. 43, p. 18, (1899).

do Troop, Ind. Agr. Exp. Sta., Bull. 78, vol. X, (1899).

do Smith, N. J. Agr. Coll. Exp. Sta., Bull. No. 140, p. 7, (1899).

do Johnson, U. S. Dept. Agr., Div. Ent., Bull. 20, n. s.,

pp. 62-68, (1899).

do King, Can. Ent., p. 251, (18—)-

do Reh, Mitt. Naturh. Mus. Hamburg, XVI, pp. 125-141,

(Mar. 1899).

do Newell, Iowa Sta., Bull. 43, pp. 150-152, (1899).

do Felt, Bull. N. Y. St. Mus., vol. 6, No. 31, p. 578, (1900).

do Lochhead, Ont. Dept. of Agr., p. 42, (Mar. 1900).

do Chambliss, Tenn. Sta. Bull., vol. X, No. 4, pp. 141-151,

(18-)-

do Frank and Kriiger, Schildlausbuch, pp. 100, 101, 1900.

do Cockerell, Science, XI, n. s., p. 671, Apr. 27, 1900.
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Pulvinaria inmimerabilis.

Coccus innumerabilis Rathvon, Pa. Farm. Journ,, vol. IV., pp. 256-258, (1854).

Leeanium acericorticis Fitch, Trans. N. Y. St. Agr. Soc, 1859, vol. XIX, pp.

775, 776, (1860).

Cocciis aceris Leidy, Rept. to Councils Phila. on Ins. Inj. to Shade-trees, 1862.

Leeanium acericola Walsh and Riley, Amer. Ent., vol. I, pp. li, 15, (1868). (A
wrong determination.)

Leeanium maclurce Walsh and Riley, Amer. Ent. vol. I, p. 14, (1868).

Leeanium. aeei'ella Rathvon, Lancaster Farmer, vol. VIII, pp. 101, 102, (1876).

Pulvinaria innumerabilis Comstock, Rept. Ent., in Rept. Com. Agr. 1880, p.

334, (1880).

2d Rept. Dept. Ent. in Corn. Univ. Exp.
Sta., p. 137, (1883).

do Mann, Psyche, IV, p. 224, (1884).

do Saunders and Mundt, Can. Ent., vol. 16, pp. 141,

143, 210, 211,240, (1884).

do Riley, Rept. U. S. Ent., pp. 350-355, (1855).*

do Weed, Ohio Sta. Bull., vol. Ill, No. 11, 2d ser., p.

72,(1890).*

do Garman, Ky. Sta., Bull. No. 39, p. 11, (1892).

Ky. Sta., Bull. No. 47, pp. 3-53, (1893).

do Cockerell, Science, XXII, p. 78, (1893).*

do Smith, Rept. Ent., N. J. Agr. Exp. Sta., pp. 505-509,

(1894).

do Lugger, Minn. Sta., Bull, 4.3, pp. 99-252, (1895).

do Lintner, Bull. N. Y. St. Mus., 3, No. 13, pp. 267-

305, (1895).

do Johnson, Pa. Dept. Agr. Rept., pp. 345-373, (1896).

do Hubbard, Proc. Ent. Soc. Washington, vol. Ill, p
319, (1896).

do Cockerell, Ent., vol. XXX, No. 404, pp. 12-14, (1897)

do Gillette, Colo. Sta. Rept., pp. .5.5-61, (1897).

do Hunter, Bull. Dept. Ent. Univ. Kan., pp. 25-27

(1898).

do Felt, Bull. N. Y. St. Mus., vol. V, No. 23, p. 239

(1898).

do Hopkins, Dept. Agr., Div. Ent., Bull. 17, n. s., pp
44-49, (1898).

do Felt, Ext. from 4th Ann. Rept. Com. on Pishes, etc.

p. 29, (1898).

do Gillette, Colo. Agr. St. Exp. Sta., Bull. 47, p. 33

(1898).

do Felt, Bull. N. Y. St. Mus., vol. VI, No. 27, p. 52

(1899).

do Ckll. andParrott, Industrialist, p. 281, (1899).

do Smith, Rept. Ent., N. J. Coll. Exp. Sta., p. 446,

(1899).

do Hunter, K. U. Quart., vol. IX, No. 2, p. 104, (1899).

do Newell, Iowa Sta., Bull. 43, pp. 170-172, (1899).

do King, Can. Ent., vol. XXXI, p. 142, (1899).

do Howard, Bull. No. 22, n. s., U. S. Dept. Agr., Div.

Ent., p. 7, (1900).
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Pulvinaria innumerahilis Felt, Bull. N. Y. St. Mus., vol. VI, No. 31, p. 581,

(1900).

do King, Psyche, vol. IX, p. 117, (1900).

do Brown, Bull. Wis. Nat. Hist. Soc, I, No. 1, pp. 65-

67, (1900).*

do King, Psyche, p. 15-4, (1901).*

do Hillman, Nev. Sta., Bull. 36.

do Chambliss, Tenn. Sta. Bull., vol. X, No. 4, pp. 141-

151.

do Piper and Doane, Wash. Sta., Bull. 36.

do Piper, Wash. Sta., Bull. 1, pp. 121-127.

Pulvinaria 7> / ?< j j /.

Pulvinaria pruni Hunter, K. U. Quart., vol. IX, No. 2, p. 104, (1899).

ParlatoHa jfergandei.

Parlatoria pergandei Comstock, Kept. Ent. in Rapt. Com. Agr. 1880, p. 327.

do

do

do

Comstock, 2d Rapt. Dept. Ent. Corn. Univ. Exp. Sta.,

1883, p. 113.

Hubbard, Ins. aff. Orange, U. S. Dept. Ent., 1885, p. .37.

Green, Ent. Monthly, ser. 2, 7, No. 74, p. 41, (1896).

The following synonymy is taken from C. L. Marlatt's MSS. of March 2, 1900

:

Pergandei Comst. (merges mto proteus Curt.)

Syn. var. cameUicc Comst.
" var. crotonis Ckll.
" var. affinis Newst.
" var. calianthina B. & L. (not seen; ? var. ihea; Ckll.)
" var. thece Ckll. (? calianthina B. & L.)

"
(?) dryandrcB Full.

" var. euonymi Ckll.
" myrius Mask.
" [t

)
pittaspori M.a,s\.

" sinensis Mask.
" var. viridis Ckll.
" var. virescens Mask.
" viridis Full.

Parlatoria 2^ergan dei Morgan, La. Sta., Bull. 28, 2d ser., pp. — ,
(18— ).

La. Sta., Sp. Bull., pp. — ,
(18—).

Parlatoriaproteus Curt., var. pe;'(/fmc7ei Comst., King. Can. Ent., vol.— , p.228.

Parlatoria perga^idei Reh., Zeitschrift fiir Entom., vol. V, p. 162, June, 1900.*

do Ckll., Amer. Nat., July, 1897, p. 592.*

do Craw, Rept. Bd. Hort. Cal., vol. V, pp. 41, 42, pi. VIII,

fig. 5, 1895-'96.*

KevDies nivalis.

Kermes nivalis King and Ckll., Ann. and Mag. Nat. Hist., ser. 7, vol. II, 1898.

do King, Can. Ent., p. 139, (1899), vol. XXXI.
Psyche, p. 80, July, 1900.

do Ckll., Psyche, IX, p. 44, Apr. 1900.*
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Kermes inibescens.

Kermes pubescens Bogue, Can. Ent., vol. 30, No. 7, p. 172, (1898).

do King, Can. Ent., p. 139.

Psyche, p. 80, July, 1900.

do Ckll, Psyche, IX, p. 44, Apr. 1900.*

Orthesia gramiitis.

Orfhesia gramiriis Tinsley, Can. Ent., vol. 30, No. 1, p. 13, (1898).

Note.— To the list of food-plants Miss Etta Willett, a student of this department, added a

number, an exact account of which was not taken at the time.

APPENDIX.

Other Coccidae Reported from Kansas.

Kermes eoncinnulus Ckll., Cockerell, on oak. Can. Ent., p. 172, (1898).

Aspidiofus marlatti Parrott, on Andropogon scoparius and Andropogon
furcafus, Can. Ent., p. 282, (1899).

Antonina nortoni Parrott and Ckll., on Bouteloua raeemosa, Can. Ent., Oct.

(1899).

Lecanium longulum Dougl., Parrott, Industrialist, p. 39, (1899).

Lecanium pruinosuni Comst., ibid.

Asjoidiotus cyanophyUi Sign., ibid.

Aulacaspis boisduvalii Sign., ibid.

Pai'latoria proteus Curt., ibid.

Aspidiotus helianthi Parrott, Can. Ent., vol. 31, p. 176 (1899).

Antonina bouteloucc Parrott, on Bouteloua hirsuta, Parrott, Kan. Agr. Coll.

Bull. No. 98, p. 138, (1900).

Antonina purpurea Sign., on Milium and Agi-ipyrnm, ibid.

Antonina graminis Parrott, on Eragrotis trichodes, Bulbilis daotyloides,

Paspalum ciliatifolium, ibid., p. 140.

OymnocoGus nativiis Parrott, on Sporobolus cryptandrus, ibid., p. 143.

Pseudolecanium obscurum Parrott, on Aiidrogopon scoparius and Sporo-

bolis longifolius, ibid., p. 145.

Pseudolecanium californicum Ehrhorn, on Androgopon furcatus, ibid.,

p. 145.

EricocGus kemptonia Parrott, ibid., p. 144.

Pulvinaria hicnteri, on maple. King, MS.

Laboratory of Comparative Zoology and Entomology,
July, 1901.
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Fig. 1.

—

Kermes piibeacenH on (^uercua alba, Lawrence.

Fig. 2.

—

KermeH nivalis on Querela alba, Lawrence.

Fig. 3.—Ventral view of Orthezia

gi'ami7iis ongoldenrod (SolicJaifo sp.),

without posteriorly elongated egg sac.

Mrs. S. G. Cady, col., Blue Rapids,

Marshall county.
Fig. 4.— Dorsal view of Orthezia

graminis, showing posteriorly elon-

gated egg sac.

Pliotocjraphs bi/ the uulhar.





Lantern or Stereopticon Slides.

Duplicates of the extensive collection of original Lantern Slides, made ex-

pressly for the University of Kansas, can be obtained from the photographer.

The low price of 33g cents per slide will be charged on orders of twelve or

more plain slides. Colored subjects can be supplied for twice the price of plain

subjects, or 66§ cents each.

Send for list of subjects in any or all of the following departments

:

PHYSICAL GEOLOGY AND PALEONTOLOGY.— Erosion, Glaciers and Ice, Volcanoes
and Eruptions, Colorado Mountain Scenery, Arizona Scenery, Restoration of Extinct Ani-
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Lands of South Dakota, Fossil Region of Wyoming, Microscopic Sections of Kansas Building
Stones, Evolution.

MINERALOGY.— Microscopic Sections of Crystalline Rocks, and of Clays, Lead Mining of

Galena, Kan., Salt Manufacture in Kansas.

BOTANY AND BACTERIOLOGY.— Morphology, Histology and Physiology of Plants, Para-

sitic Fungi from Nature, Disease Germs, Formation of Soil (Geological), Distinguished Bota-

nists.

ENTOMOLOGY AND GENERAL ZOOLOGY.- Insects, Corals, and Lower Invertebrates,

Birds and Mammals.

ANATOMY.— The Brain, Embryology, and Functions of Senses..

CHEMISTRY.— Portraits of Chemists, Toxicology, Kansas Oil Wells, Kansas Meteors, Tea,

Coffee and Chocolate Production.

PHARMACY.— Medical Plants in Colors, Characteristics of Drugs and Adulterations, Anti-

toxin, Norway Cod and Whale Fishing.

CIVIL ENGINEERING.- Locomotives and Railroads.

PHYSICS AND ELECTRICAL ENGINEERING.-Electrical Apparatus, X-Rays.

ASTRONOMY.— Sun, Moon, Planets, Comets, and Stars (many subjects in colors).

SOCIOLOGY.— Kansas State Penitentiary, Indian Education and Early Condition.

AMERICAN HISTORY.— Political Caricatures, Spanish Conquests.

GREEK.— Ancient and Modern Architecture, Sculpture, Art and Texts.

GERMAN.— German National Costumes (in colors), Nibelungen Paintings, Life of William
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FINE ARTS.— Classical Sculpture and Paintings, Music and Art of Bible Lands, of Chaldea,
Assyria, Egypt, Palestine, and Armenia, Religious Customs of India, Primitive Art and Condi-
tion of Man, Modern Paintings and Illustrations.

For further information, address DAVlD HORKMAN, Lawrence, Kan.
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consulted. The Engineering Index
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120-122 Liberty St., New York.
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ADVERTISEMENT.

The Kansas University Quarterly is maintained by the Uni-

versity of Kansas as a medium for the publication of the results of

original research by members of the University. Papers will be
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Contributed articles should be in the hands of the committee at least

one month prior to the date of publication. A limited number of

author's separata will be furnished free to contributors.

In order to have the volume begin with the year, volume V of the

Quarterly was closed with the number for October, 1896, and has

but two numbers ; bvit no issue was omitted.

Beginning with volume VI, the Quarterly appears in two series

:

A, Science and Mathematics ; B, Philology and History.

The Quarterly is issued regularly, as indicated by its title. Each

number contains fifty or more pages of reading-matter, with necessary
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Kansas Univehsity Quarterly.

Vol. X, No. 4. OCTOBER, 1901. Series A.

BIBLIOGRAPHY OF SCIENTIFIC PUBLICATIONS BY MEM-
BERS OF THE UNIVERSITY OF KANSAS.

FIRST SUPPLEMENT.

'T^HERE was published in this journal, series A, Volume VIII,
-*- No. 4, October, 1899, a bibliograjDhy of the scientific publications

by members of the University of Kansas. In the present supplemen-

tary list this bibliography is corrected in a few places and brought up
to date.

Aid rich, John M.

B. S. (South Dakota Agricultural College, 1888); M. S. (same, 1891, and Uni-
versity of Kansas, 1893). Professor of Zoology and Entomologist of Agricultural
Experiment Station, University of Idaho, 1893.

1892— 1. A New Genus and Species of Tabanidte; Psyche, pp. 236, 237, 1 fig.

2. New Species of Phora ; Canadian Entomologist, pp. 142-140, figs.

3. The Systematic Position of the Diptera; Science, New York.

4. Revision of the Genera Dolichopus and Hygroceleuthus; this journal,

pp. 1-26, 1 pi.

5. New Genera and Species of Psilopinte; this journal, pp. 47-50.

6. The Dolichopodid Genus Liancalus Loew ; Psyche, pp. 569-571.

1894 — 7. New Genera and Species of Dolichopodida? ; this journal, pp. 151-157.

8. Courtship among the Flies; Amer. Nat., pp. 35-37.

1895 — 9. The Tipulid Genera Bittacomorpha and Pedicia ; Psyche, pp. 200, 202,
Ifig.

1896—10. A Collection of Diptera from Indiana Caves; 21st Annual Report of

the Geology and Natural Resources of Indiana, 1 fig.

11. The Dipterous Genera Tachytrechus and Macellocerus; Trans. Amer.
Ent. Soc, pp. 81-84.

12. On the Diptera of St. Vincent (DoJichopodida? and Phorida-); Trans.
Ent. Soc. Lend., pp. 309-345 and 435-439.

1899—13. A Balloon-making Fly (published with L. A. Turley): Amer. Nat., pp..

809-812, with illustrations.

14. Goniops and other Synonyms ; Ent. News, p. 531.

12-K.U.Qr. A-x 4 [149]—K.U.Qr.—A x 4-October, '01.
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Bailey, Edgar Henry Summerfield.
(Continued from vol. viii A, p. 140.)

1900—53. A Comparison of the Chemical Constituents and Nutritive Values of

Native and Cultivated Grasses ;
Quar. Rep. Kans. St. Bd. Agric,

March.

54. The New Chemical Laboratory of the University of Kansas ; Science,

N. S., xii, No. 313, Dec. 28, pp. 997-1001, fig. 6.

55. On the Softening of Public Water-supplies, with some Analyses of a

Recent Process; Proc. Kans. Gas, Water and Elec. Lt. Assoc, pp.
18-26.

1901—56. Experiments on the Relative Heating Power of Coal and Illuminating
Gas; Trans. Kans. Acad. Sci., xvii, pp. 35-38, fig 1.

57. A Laboratory Guide to the Study of Qualitative Chemical Analysis;
200 pp., (with H. P. Cady) ; P. Blakiston's Son & Co., Phila.

58. The Development of the Incandescent Gas Lighting Industry; Proc.

Kans. Gas, Water and Elect. Lt. Assoc, pp. 22-29.

Bartow, Eiward.
(Continued from vol. viii A, p. 140.)

1898— 4. Analyses of Fort Scott Cement Rocks; Kans. Univ. Geol. Surv.,iii, p.33.

1900— 5. Classification of Organic Remedies: Organic Materia Medica and
Pharmacognosy, by Prof. L. E. Sayre, Phila., 1900, pp. 26-36.

6. Microscopic Comparison of Samples of White Arsenic: this journal,

ix. A, pp. 245-247, pis. xlvi-xlviii. Reprinted, Amer. Micros.

Jour.

1901 — 7. Blunder in Caring for Parts of a Body Intended for Chemical Exami-
nation ; Medical Record, (New York.)

8. Action of Liquid Anhydrous Ammonia on Acid Chlorids and Esters;

this journal, x, pp. (with D. F. McFarland).

Beede, Joshua William.

(Continued from vol. viii A, p. 140.)

1897—la. Stratigraphy of Shawnee county: Trans. Kans. Acad. Sci., xv, pp.
27-34.

1899 — 9. Description of Some New Forms of Pseudomonotis from the Upper
Coal Measures of Kansas: this journal, viii, pp. 79-81, pis. viii, ix.

10. On the Correlation of the Coal Measures of Kansas and Nebraska;
Trans. Kans. Acad. Sci., xvi, pp. 70-84.

1900—11. Two New Crinoids from the Kansas Carboniferous; this journal, ix,

pp. 21-24, pi. v.

12. Carboniferous Invertebrates; Univ. Geol. Surv. Kans., vi, pp. 1-187,

pis. i-xxii, 11 figs.

1901—13. A Reconnaissance in the Blue Valley Permian: this journal, ix, pp.
191-262, pi. xliii.

14. Age of the Kansas-Oklahoma Red Beds ; Amer. Geol. , xxviii, pp. 46, 47.

15. Fauna of the Permian of Central United States, I ; Trans. Kans. Acad.
Sci., xvii, pp. 185-189, pis. xiii, xiv.

Blackmail, Maulsby Willett.

A. B. (University of Kansas, 1901).

1901 — 1. Spermatogenesis of the Myriapods, I ; this journal, x A, pp. 61-76.
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Blake, Lucien Ira.

(Continued from vol. viii A, p. 141.)

1896—10. An Adjustable Condenser for High Potentials; Elec. World, Nov. 7, 1896.

1899—11. Electrolysis of Cast Iron Water Mains; Elec. World, Dec. 16, 1899.

12. Professional Degrees ; Elec. World, Nov. 4, 1899.

1901— 13. The Photometry of Commercial Illuminants. Proc. Kan. Gas, Water
and Elec. Light Assoc, Nov. 13, 1901.

1902—14, A Simple Photometer; Elec. World, Jan. 18, 1902.

Cady, Hamilton Perkins.

(Continued from vol. viii A, p. 142.)

1900—10. Detection of Arsenic, Antimony, and Tin; this journal, ix A, pp. 2.59-

263.

Crane, Walter Richard.

A. B. (Universityof Kansas, 1895, and A. M.,1896): Ph. D. (Columbia, 1901).

Instructor, Lawrence High School, 1896-'97: Beloit High School, 1897-'98; In-

structor of Manual Training, city schools, Janesville, Wis., 1898-'99; Assistant
Professor of Mining, 1899.

1896 — 1. Curvimeter; this journal, iv, p. 121.

2. Horsebacks in the Kansas Coal Measures: this journal, iv, p. 145.

1898 — 3. Special Report on Coal: Univ. Geol. Surv. Kans., iii, part 2, pp. 107-313.

4. Investigation of Magnetic Fields with Reference to Ore Concentration
;

Trans. Amer. Inst. Min. Engs., xxx, pp. —

.

1901 — 5. Slime Treatment; Mines and Minerals, 1901, p. 465.

6. Concentrating Zinc-Lead Ores; Mines and Minerals, Sept., 1901, p. 73.

7. Methods of Prospecting and Mining in the Galena Joplin District;

Eng. and Mining Journal, Sept. 21, 1901, p. 360.

8. A Boiler Explosion; Mines and Minerals, Nov., 1901, p. 175.

9. Mining and Milling of Gypsum in Kansas; Eng. and Mining Journal,
Nov. 9, 1901, p. 602.

10. Kansas Coal Mining; Eng. and Mining Journal, Dec. 7, 1901, p. 748.

Dieiiier, Hugo.

M. E. (Ohio State University, 1896). With Bullock Electric Manufacturing
Company, Cincinnati, and Westinghouse Electric and Manufacturing Company,
Pittsburg, 1896-"99; in charge of Mechanical Department A. and M. College,

Greensboro, N. C, 1899-1900; Assistant Professor of Mechanical Engineering,
Michigan Agricultural College, 1900-'01; Associate Professor of Mechanical En-
gineering, 1901.

1900—1. The Purchasing Department; Eng. Mag.

2. The Classification of Shop Orders; Eng. Mag.

3. The Production Department: Bills of Material ; Eng. Mag.

4. The Production Department: Store-room Management; Eng. Mag.

5. The Production Department : The Execution of the Work ; Eng. Mag.

6. Practical and Accurate Time-keeping; Eng. Mag.

7. The Figuring of Total Costs; Eng. Mag.

1902 — 8. Aids in Taking Inventory ; Eng. Mag.

DyclK', Lewis Lindsay.

(Continued from vol. viii A, p. 141.)

1893 — 4a. Mounting Large Mammals. Scientific American, October 7.
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Fi-aukliii, Edward Curtis.

(Continued from vol. viii A, p. 145.)

1899—10. Metathetic Reactions between Certain Salts in Solution in Liquid
Ammonia; Chem. News (London) 1899 (with C. A. Kraus).

11. Some Properties of Liquid Ammonia; Ciaem. News, 1899. Also, Ice
and Refrigeration, xxvi, p. 439 (with C. A. Kraus).

1900—12. The Conductivity Temperature Coefficient of Some Liquid Ammonia
Solutions; Amer. Chem. Jour., xxvi, p. 83 (with C. A. Kraus).

1902—13. Reactions between Acid and Basic Amides in Liquid Ammonia Solu-
tions; Amer. Chem. Jour., Aug., 1902 (with O. F. Stafford).

14. Ionic Velocities in Liquid Ammonia (with H. P. Cady). Read at

Pittsburg meeting of A. A. A. S.

Harris, J. Arthur.

A. B. (University of Kansas, 1901). Graduate Student, University of Kansas,
1901; Botanical Assistant, Missouri Botanical Garden, 1901.

1900 — 1. Annotated Catalogue of the Crayfishes of Kansas; this journal, ix A,

pp. 263-274.

2. Annotated Catalogue of the Crayfishes of Kansas (abstract); Trans.
Kans. Acad. Sci., xviii, p. 115.

1901 — 3. Notes on the Habits of Cambarus immunis Hagen; Amer. Nat., xxxv,

pp. 187-191.

4. The Dimorphism of Cambarus, I; this journal, x, pp. 49-59.

5. Observations on the So called Dimorphism in the Males of Cambarus
Erichson; Zool. Anzeiger, xxv, pp. 683-689.

6. Normal and Teratological Thorns of Gleditschia triacanthos L., with
5 pis.; Trans. Acad. Sci. St. Louis, xi, pp. 2L5-222.

Havenhill, L. D.

Ph. C, 1893, Ph. M., 1894 (University of Michigan). Assistant in Pharmacy
and Pharmacognosy, University of Michigan, 1893-'94; Analytical Chemist with
Dr. A. B. Lyons, Honolulu, H. I., 1894-'95; Pharmacist with J. B. Chase, Au-
rora, 111., 189.5-'96; Chemist with the Chicago & Aurora Smelting and Refin-

ing Company, Aurora, 111., 1896-"99; Assistant Professor of Pharmacy, University

of Kansas, 1899.

1893 — 1. Microscopical Examination of Mustard, Cloves, and Pepper; Proc.

Mich. St. Phaim. Assoc, pp. 22, 23.

1894 — 2. Experimental Work on the Solvent Power of Alcoholic Menstrua ; Proc.

Amer. Pharm. Assoc, xlii, pp. 167-171.

1900 — 3. Pharmacy for Freshmen, Havenhill and Sayre.
Merck's Report, ix. No. 2, p. 52.

" " " No. 3, pp. 100, 101.

" " " No. 5, pp. 195-197.
" " " No. 7, pp. 309-311.
" " " No. 9, pp. 409, 410.

" " " No. 10, pp. 450, 451.

" " No. 11, pp. 500, 501.

1901—3a. Merck's Report, x, No. 1, pp. 7,8.

"No. 3, pp. 84, 85.

" " " No. 4, p. 114.

" No. 6, pp. 182, 183.

" " " No. 8, pp. 247-249.
" " " No. 10, pp. 321, 322.

4. An Extraction Apparatus; Drug. Circ, xlv. No. 9, p. 193.
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HaAvortli, Erasmus.
(Continued from vol. viii A, p. 146.)

1900—38. Annual Report on Mineral Resources of Kansas for 1899. Sixty-seven
pages and five plates.

39. Relations between the Ozark Uplift and Ore Deposits: Bui. Geol.
Soc. Amer., xi, pp. 231-240. Read December 30, 1899.

40. Metallic Copper from the Red Beds of Oklahoma; Bui. Geol. Soc.
Amer., xii. Read June 30, 1900.

1901—41. Uses of Petroleum and Natural Gas in Kansas; Eng. and Min. Jour.,
xxii, p. 327, September 11, 1901.

12. The Gypsum Cement-plaster Industry in Kansas; Eng. and Min.
Jour., xxiii, p. 37, January 4, 1902.

1902—43. Annual Report on Mineral Resources of Kansas for 1900-'01, May,
1902.

Huuter, Samuel John.
(Continued from vol. viii A, p. 148.)

1899—15. Entomological Legislation in the Interests of Horticulture; Trans.
Kans. St. Hort. Soc, xxiv, pp. 66, 67, 1899.

16. The Coccida^ of Kansas, III; this journal, ix. A, pp. 101-107, pi. xviii-

xxiv.

1900—17. Alfalfa Culture and Insect Life; Quart. Rep. Kans. St. Bd. Agric,
Mar., 1900, pp. 41-51, 5 pis., 3 figs.

18. Some Entomological Problems in Horticulture; Rep. Colo. St. Bd.
Hort., xi, 1899 (1900), pp. 54-57, 66-69.

19. The Melanopli of Kansas, part I; Psyche, ix, pp. 63, 64, June, 1900
(with W. S. Sutton).

20. The Melanopli of Kansas, part II; Psyche, ix, pp. 76-78, July, 1900
(with W. S. Sutton).

2L The Melanopli of Kansas, part III; Psyche, ix, pp. 88-90, Aug., 1900
(with W. S. Sutton).

22. Spraying; Trans. Kans. St. Hort. Soc, xxv, pp. 55-57, 1900.

1901—23. On the Production of Artificial Parthenogenesis in Arbacia by the Use
of Sea Water Concentrated bv Evaporation; Amer. Jour. Physi-
ology, vi, pp. 178-180, Nov., 1901.

24. Coccidw of Kansas, IV; this journal, x, pp. 107.

Hyde, Ida H.
(Continued from vol', viii A, p. 148.)

1900— 7. Collateral Circulation in the Cat after Ligation of the Postcava; this

journal, ix. A, pp. 167-172.

Ivirk, Mahlon Zimbi.

1894— 1. Report of Field Work in Geology; this journal, ii, p. 99 (with E.
Haworth and W. H. H. Piatt).

1896"— 2. The Sands of the Kansas River Valley; this journal, iv, p. 125.

Kraus, C. A.

1899— 1. Metathetic Reactions between Certain Salts in Solution in Liquid
Ammonia: Chem. News (London), 1899 (with E. C. Franklin).

2. Some Properties of Liquid Ammonia; Chem. News, 1899 (with E. C.
Franklin).

1900— 3. The Conductivity Temperature Coefficient of Some Liquid Ammonia
Solutions; Amer. Chem. Jour., xxvi, p. 83 (with E. C. Franklin).
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T^eighton, V. L.

1895— 1. Chemical Analysis of Counterfeit Gold-dust; this journal, iii, pp.
197-200 (with H. P. Cady).

Lewis, Olive St. C.

1899 — 1. Conversion of Calomel into Corrosive Sublimate; Proc. Kans. Pharm.
Assoc, XX, p. 42.

Logan, W. N.
(Continued from vol. viii A, p. 150.)

1900 — 5. Stratigraphy and Invertebrate Fossils of the Jurassic Formation in the
Freeze-out Hills of Wyoming; this journal, ix, pp. 109-131.

Marvin, Frank Olin.
(Continued from vol. viii A, p. 151.)

1901—16. The Culture Value of Engineering Education; Proc. S. P. E. E., ix,

p. 13; Science, July 26; Eng. News, xlvi, p. 12; Eng. Record, xlii,

p. 32.

17. Water-supply from a Sanitary Standpoint; Trans. Kans. Acad. Sci.,

xvii, p. 54.

Menke, H. W.

1895— 1. Birds of Finney Countyj Kansas; this journal, iii, p. 119.

Moody, A, E.

1896— 1. Condition of Packing-house Employees; this journal, iv, p. 41.

Miller, Ephraim.
(Continued from vol. viii A, p. 152.)

1900 — 9. The Corona of the Sun; Popular Astronomy, viii, pp. 80-86.

10. The same; Trans. Kans. Acad. Sci., xvii, pp. 210-214.

Morrison, Bessie Growe.
(Continued from vol. viii A, p. 145.)

1901 — 2. Removal of any Two Terms from a Binary Quantic by Linear Trans-
formation; Amer. Jour. Math., xxii, pp. 287-296.

McClnng, Clarence Erwin.
( Continued from vol. viii A, p. 152.)

1899—12. The Paraffin Method in Hot Weather; Jour, of Appl. Micros., ii, p.

588, 589.

1900—13. The Spermatocyte Divisions of the Acrididfe; this journal, ix A, pp.
72-108.

1901—14. High-power Photomicrography; Jour, of Appl. Micros., iv, pp. 1158-

1162.

15. The Processes of Photomicrography; Jour, of Appl. Micros., iv, pp.
1199-1202.

16. Notes on the Accessory Chromosome; Anat. Anz., xx, pp. 220-226.

1902—17. Laboratory Equipment for Beginning Course in Zoology; Jour, of

Appl. Micros., v, 3, pp. 1677-1679.

18. The Accessory Chromosome— Sex Determinant? Biological Bulletin,

iii, pp. 43-84.
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McFarland, David Ford.

A. B. (University of Kansas, 1900). Instructor in Chemistry, 1901.

1901 — 1. Action of Liquid Ammonia on Acid Chlorids and Esters; this journal,

X A, pp. 79-85 (with E. Bartow).

Newsoii, Henry Byron.

(Continued from vol. viii A, p. 154.)

1900—18. On the Construction of Collineations ; this journal, ix A, pp. 65-72.

19. On the Volume of a Polyhedron ; Annals Math. (2), i, pp. 108-111.

20. On Singular Transformations in Real Projective Groups; Bui. Amer.
Math. Soc. (2), vi, pp. 4.31-439.

1901—21. On Indirect Circular Transformations and Mixed Groups; Bui. Amer.
Math. Soc. (2), vii.pp. 259-266.

22. On the Group of 216 Collineations in the Plane; this journal, x A,

pp. 13-32.

23. On the Group and Subgroups of Real Collineations Leaving a Tetra-

hedron Invariant (A New Theory of Collineations in Space, I); x
A, pp. 33-47.

24. A New Theory of Collineations in Space, II; this journal, x A, pp.
87-99.

25. A New Theory of Collineations in Space, III; this journal, x A, pp.
99-106.

26. Note on the Product of Linear Substitutions; Annals Math. (2), iii.

1902—27. A New Theory of Collineations and their Lie Groups; Amer. Jour.

Math., xxiv, pp. 109-172.

Piatt, W. H. H.

1894 — 1. Report of Field Work in Geology; this journal, ii, p. 99 (with E. Ha-
worth and M. Z Kirk).

Powell, Emery H.

B. M. E. (University of Wisconsin, 1891). Draftsman and Erecting En-
gineer for the Hercules Ice Machine Company, Aurora, 111., 1892-'96; Chief
Draftsman and Assistant Superintendent Jobbins & Van Ruymbeke (manufac-
turers glycerine machinery), Aurora, 111., "1896-'99; Draftsman and Designer of

Beet-sugar Machinery with the Dayton Globe Ironworks Company, Dayton,
Ohio, 1899-1900.

1902— 1. The Drafting Room ; Wisconsin Engineer.

Prosser, C. S.

1897 — 1. The Permian and Upper Carboniferous of Southern Kansas; this jour-

nal, vi A, p. 149.

1899 — 2. Note on the Distribution of Cheyenne Sandstone; this journal, viii A,

p. 135.

Rico, Martin Everett.

( Continued from vol. viii A, p. 151.)

1899— 5. Note on the Yellow Helium Line; this journal, viii A, pp.85, 86 (with
A. St. C. Dunstan).
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Rogers, Austin Flint.

A. B. (University of Kansas, 1899); A. M. (1900). Graduate Student and
Assistant in Mineralogy 1899-1900: Assistant Geologist, University Geological
Survey of Kansas, 1898-'00: Fellow in Mineralogy, Columbia University, New
York city, 1900-'02.

1899— 1. Cuprogoslarite, a New Variety of Zinc Sulphate; this journal, viii A,
pp. 105, 106.

2. New and Little-known Pelecypods from the Coal Measures; this jour-
nal, viii A, pp. 131-13i, pi. xxxiv (with J. W. Beede).

3. Normal Ankerite from Phelps County, Missouri: this journal, viii A,
p. 183.

1900— 4. Sphalerite Crystals of a Peculiar Habit and with One New Form,
from Galena, Kan.; Amer. Jour. Sci., ix, pp. 134-136,

5. Mineralogical Notes; Amer. Jour. Sci., ix, pp. 364-366.

6. New Bryozoans from the Coal Measures of Kansas and Missouri; this
journal, ix A, pp. 1-12, pi. i-iv.

7. Annotated List of Minerals of the Joplin Lead and Zinc District;

this journal, ix A, pp. 161-165.

8. Occurrence of the Bryozoan Genus Rhabdomeson in America; this
journal, ix A, pp. 173, 174.

9. Coal Measure Faunal Studies, I. The Pottawatomie and Douglas
Formations along the Kansas River; this journal, ix A, pp. 234-
254.

1901— 10. Mineralogical Notes, No. 2; Amer. Jour. Sci. xii, pp. 41-48.

11. A List of Crystal Forms of Calcite with their Interfacial Angles;
School of Mines Quarterly, xxii, pp. 429-448.

12. A List of Minerals Arranged According to the Thirty-two Crystal
Classes; School of Mines Quarterly, xxiii, pp. 79-97.

1902— 13. Mineralogical Notes No. 3; School of Mines Quarterly, xxiii, pp.
133-139.

Koiise, J. E.

1896 — 1. The Visual Perception of Distance; this journal, v A, p. 109.

Sayre, L. E.
(Continued from vol. viii A, p. 165.)

180. Comments on some Vegetable Drugs asked to be Dismissed from the
Pharmacopteia (with L. A. Waldo): Proc. Kans. Pharm. Assoc,
p. 35.

1899—181. Comparison of Salicylic Acid and Formaldehyde; Merck's Report,

viii, p. 55.

182. Quantitative Tests of the U. S. P. (with D. H. Spencer); Merck's
Report, viii, p. 107.

183. Disadvantages of Practical Experience ; Merck's Report, viii, p. 500.

184. Distilled Extract of Wich hazel ; Merck's Report, viii, p. 549.

1900—185. Review of Test for Colchicine; Proc. Kans. Pharm. Assoc, —-, 31.

186. Comments on Some Official Drugs of Doubtful Utility; Drug Circ,
xliv, p. 6.

187. Liquor Ferri Tersulphatis; Drug. Circ, xliv, p. 26.

188. Tincture of Iodine; Drug. Circ, xliv, p. 46.

189. Pharmacognosy of the Pharmacopceia; Drug. Circ, xliv, p. 68.

190. Extract of Taraxacum; Drug Circ, xliv, p. 90.

191. Alkaloidal Value of Scopala and Belladonna; Drug. Circ, xliv, p. 155
(with J. C. Reese).
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1900—192. Cathartic Acid (Riaubarb Concentrate); Drug. Cir., xliv, p. 198 (with

H. L. V. Uhl).

19.3. Powdered Extracts; Drug. Circ, xliv, p. 224.

191. Gentian Root: Its Description in 1900; Drug. Circ, xliv, p. 212 (with

Chas. Sterling).

1901—195. PharmacopotMal Revision; Proc. Kans. Pharm. Assoc, —
, p. 35.

196. Pepsin; West. Drug Record, xvi, p. 61 (with H. L. Raymond).

197. Wines and their Analysis; West. Drug Record, xvi, p. 83 (with S. W.
Lindsay).

198. Sweet Spirits of Niter; West. Drug Record, xvi, p. 103 (with C. B.

Highbargin).

199. Amylum Starch; West. Drug Record, xvi, p. 145 (with A. F. Wulf-
kuhler).

200. Pepsin and its Sources; West. Drug Record, xvi, p. 158 (with Chas.
B, Spencer).

201. The Halogens; West. Drug Record, xvi, p. 132.

202. Water Analysis; West. Drug Record, xvii, p. 22 (with Frank Prentis).

203. Improved Retort Stand; Drug. Circ, xlv, p. 6.

204. Polygala senega and P. alba.; Drug. Circ, xlv, p. 26.

205. Pharmaceutical Tests for the Presence of Arsenic; Drug. Circ, xlv,

p. 70.

206. Embalming and Preserving Fluids: Drug. Circ, xlv, p. 92.

207. A New Desiccating Apparatus for Experimental Work; Drug. Circ,
xlv, p. 137.

208. Shall Diph theria Antitoxin be Made Official ? Drug. Circ. , xlv, p. 160.

209. Opium Assay: Drug. Circ, xlv, p. 180.

210. The Scientific Section of the American Pharmaceutical Association

and Diphtheria Antitoxin: Drug Circ, xlv, p. 224.

211. Gelsemium; Drug. Circ, xlv, p. 244.

Sellarrts, E. H.

A. B. ( University of Kansas, 1899); A. M. (1900). Assistant, University Geo-
logical Surveyor of Kansas, 1900, 1901; Graduate Student Yale University, 1901.

1900 — 1. Note on the Permian Flora of Kansas : this journal, ix, pp. 63-65.

2. A New Genus of Ferns from the Permian of Kansas; this journal, ix,

pp. 179-189.

3. Fossil Plants in the Permian of Kansas: Trans. Kans. Acad. Sci., xvii,

pp. 208, 209.

1901—4. Permian Plants— Tasniopteris of the Permian of Kansas; this journal,

X, pp. 1-12.

SiiOAV, Francis Huntington.
(Continued from vol. viii A, p. 163.)

1872—85. A Catalogue of the Birds of Kansas, 2d edition ; Kansas City, Bulletin

Steam Book and Job Printers and Engravers, a pamphlet of 16 pages.

86. Additions to the Catalogue of the Birds of Kansas; Am. Naturalist,

vi, p. 484.

1882—87. The Snake-bird in Kansas ; Bull. Nuttall Ornithological Club, vii, p. 61.

1885—88. Is the Rainfall of Kansas Increasing? Science, January 2, pp. 12, 13.

1887—89. Loco-weed; Science, January 28, p. 92.

90. Is there a Venomous Lizard ? Science, xi, p. 50.

91. Is the Rainfall Increasing on the Plains? Science, xi, p. 158.

92. ^chmophorus occidentalis in Kansas: Auk, v, p. 201.
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1889-93. Three New Kansas Birds: Trans. Kans. Acad. Sci., xi, p. 62.

1890~9i. Another Meteorite from Kiowa County, Kansas ; Science, xvi, pp. 39, 40.

1891—95. A New Kansas Meteorite (the Tonganoxie; ; Science, xvii, p. 3.

1900—96. The Beginnings of the University of Kansas; Trans. Kans. State His-
torical Society, vi, pp. 70-76.

Snow, Martha B.

1896— 1. The Servant-girl Problem; this journal, iv, p. 31.

Sutton, Walter S.

A. B. (Kansas University, 1900); A.M. (1901). Instructor in Zoology, Kansas
University, 1899,- Instructor in Zoology and History, 1900; Fellow in Zoology,
Columbia University, 1901.

1900— 1. The Spermatogonia! Divisions in Brachystola magna; this journal, ix,

pp. 135-168.

2. The Melanopli of Kansas (with S. J. Hunter); Psyche, ix, p. 290.

Ward, Frank E.

Superintendent of Fowler Shops and Shop Instructor; Instructor in Machine
Work and Mechanical Methods and Practice.

1898 — 1. A Plan for Increasing the Capacity of the Steam-heating Plant of the
Spooner Library, University of Kansas; this journal, vii, pp.
149-154.

1901— 2. A Manual of Instruction in Forge and Machine Work; published by
the author, pp. 1-124.

Williston, Samuel Wendell.
(Continued from vol. viii A, p. 174.)

1900— 151. Some Fish Teeth from the Kansas Cretaceous; this journal, ix A,
pp. 27-52, pis. vi-xiv.

152. Cretaceeous Fishes, Selachians, and Pycnodonts; Dercetida?; Univ.
Geol. Surv. of Kans., vi, pp. 2.37-256, 380-382, pis. xxiv-xxxiii, Ixxiii.

1901— 153. The Dinosaurian Genus Creosaurus Marsh; Amer. Jour. Sci., xi,

pp. 111-114.

154. A New Turtle from the Kansas Cretaceous; Trans. Kans. Acad. Sci.,

xvii, pp. 195-199, pis. xviii-xxiii.

1902— 155. Review of Flying Dragons, by H. G. Seeley; Science, (Jan.)— pp.
156. Winged Reptiles; Pop. Sci. Monthly, ix, pp. 314-322.

157. Review: Animals of the Past, by F. A. Lucas: Science, April.

158. On the Skeleton of Nyctodactylus, with Restoration; Amer. Jour.
Anat., i, pp. 297-305.

159. On the Skull of Nyctodactylus ; Journal of Geology, July, August.
160. On the Hind Limb of Protostega ; Amer. Jour. Sci., April.
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COLORADO.

Boulder, University of Colorado. Studies.

Colorado Springs, Colorado College. Studies.

Denver, Colorado Scientific Society. Proceedings.

CONNECTICUT.

Meriden, Meriden Scientific Association. Transactions.

New Haven, Yale Medical Journal, Yale Scientific Monthly.

Connecticut Academy of Sciences. Transactions.

DISTRICT OF COLUMBIA.

Washington, The Plant World.

American Monthly Microscopical Journal.

Biological Society of Washington. Proceedings.

Entomological Society of Washington. Proceedings.

Mathematical Magazine.

Philosophical Society of Washington. Bulletin.

Smithsonian Institution. Publications.

United States Naval Observatory. Publications.

Commissioner of Education. Publications.

United States Department of Agriculture. Publications.

United States Geological Survey.

United States National Museum.

GEORGIA.

Atlanta, Geological Survey of Georgia. Bulletins, Administrative Reports.

ILLINOIS.

Champaign, University of Illinois. University Studies.

Chicago, Chicago Academy of Sciences. Bulletins, Geological and Natural His-

tory Survey, Annual Reports.

Field Columbian Museum. Publications.

The Irrigation Age.
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Chicago, University of Chicago. Journal of Geology.

Western Society of Engineers. Journal.

Peoria, Illinois Society of Engineers and Surveyors. Proceedings.

Rock Island, Augustana College. Publications.

Springfield, Illinois State Museum of Natural History. Bulletins.

Urbana, Illinois State Laboratory of Natural History. Bulletins.

INDIANA.

Bloomington, Indiana State University. Publications.

Indianapolis, Indiana Academy of Sciences. Proceedings.

Indiana Geological Survey. Annual Reports.

IOWA.

Davenport, Davenport Academy of Natural Sciences. Proceedings.

Des Moines, Iowa Geological Survey. Annual Reports.

Iowa Academy of Sciences. Proceedings.

Iowa City, University of Iowa. Studies in Psychology, Historical Monographs,
Bulletin of the Laboratory of Natural History.

KANSAS.
Emporia, State Normal Monthly.

Manhattan, Kansas State Agricultural College. The Industrialist.

Topeka, Kansas Academy of Science. Transactions.

KENTUCKY.

Frankfort, State Inspector of Mines. Annual Report.

MAINE.

Brunswick, Bowdoin College. Miscellaneous Publications.

MARYLAND.

Baltimore, Johns Hopkins University. Circulars.

Maryland Geological Survey. Reports.

MASSACHUSETTS.

Boston, New England Water-worke Association. Journal.

Boston Society of Natural History. Proceedings, Memoirs, Occasional
Papers.

Massachusetts Institute of Technology. Technology Quarterly, Technol-
ogy Review.

American Academy of Arts and Sciences. Proceedings, Memoirs.
Cambridge, Harvard University. Annals of Mathematics.

Peabody Museum. Memoirs, Archtelogical and Ethnological Papers.

Psyche.

Museum of Comparative Zoology. Annual Reports, Bulletins, Memoirs.
Harvard University. Library Bulletins.

Salem, Essex Institute. Bulletin.

Tufts College. Tufts College Studies.

MICHIGAN.

Ann Arbor, University of Michigan. Publications.

Michigan Political Science Association. Publications.

Saginaw, The Michigan Miner.
MINNESOTA.

Minneapolis, Geological and Natural History Survey. Annual Reports, Bulletins,
Final Reports.

American Geologist.

Minnesota Academy of Natural Sciences. Bulletin.
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MISSOURI.

Columbia, University of Missouri.

Jefferson City, Missouri Geological Survey. Reports.

Springfield, The American Mathematical Monthly.

St. Louis, Academy of Sciences of St. Louis. Transactions.

Missouri Botanical Garden. Annual Reports.

NEBRASKA,

Lincoln, University of Nebraska. University Studies.

Nebraska Historical Society. Proceedings and Transactions.

NEW HAMPSHIRE.

Concord, New Hampshire State Library. State Publications.

NEW JERSEY.

Hoboken, Stevens Institute of Technology. The Stevens Indicator.

Newark, New Jersey Historical Society. Proceedings.

Princeton, Princeton University. Bulletin.

Princeton University. Contributions to Psychology.

Trenton. Geological Survey of New Jersey. Reports.

NEW YORK.

Albany, Annual Reports of the State Entomologist.

New York State Geological Survey. Annual Reports.

State Library. Bulletin of the New York State Museum, Extension Bul-

letins.

Brooklyn, Brooklyn Institute of Arts and Sciences. Year-book.

Buffalo, Buffalo Society of Natural History. Bulletins.

Ithaca, Cornell University. Bulletins of American Paleontology, Studies in

Classical Philology, Science Bulletins, Library Catalogues.

New Brighton, Natural Science Association of Staten Island. Proceedings.

New York, Gunton's Magazine.

Engineering News.
— American Mathematical Society. Bulletin.

Engineering Magazine.

American Society of Civil Engineers. Proceedings.

Association of Engineering Societies. Journal.

Medical Record.

Power.

Columbia University. Quarterly, School of Mines Quarterly.

The Engineer.

Cassier's Magazine.

New York Public Library. Bulletins.

New York Botanical Garden. Bulletin.

Scientific American.

American Geographical Society. Bulletin.

American Museum of Natural History. Bulletin.

New York University Medical Society. Bulletin.

New York Academy of Sciences. Annals, Memoirs.

Poughkeepsie, Vassar Brothers' Institute. Transactions.

Rochester, Journal of Applied Microscopy.

Rochester Academy of Sciences. Proceedings.

NORTH CAROLINA.

Chapel Hill, Elisha Mitchell Scientific Society, Journal.
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Cincinnati, Cincinnati Society of Natural History. Journal.

American Association for the Advancement of Science. Annual Proceed-

ings.

Columbus, Ohio State University. Naturalist.

Granville, Denison Scientific Association. Bulletin.

Oberlin, Oberlin College Publications.

Wooster, Wooster College. Post Graduate and Wooster Quarterly.

OREGON.

Eugene, University of Oregon. Publications.

PENNSYLVANIA.

Bryn Mawr, Bryn Mawr College. Publications.

Philadelphia, The Entomological Student.

Engineers' Club of Philadelphia. Journal.

University of Pennsylvania. Publications.

The Nautilus.

Wagner Free Institute of Science. Transactions.

American Entomological Society. Transactions.

Geographical Society of Philadelphia. Bulletin.

The Franklin Institute. Journal.

American Philosophical Society. Proceedings.

Philadelphia Academy of Natural Sciences. Proceedings.

Pittsburgh, Engineers' Society of Western Pennsylvania. Proceedings.

Scranton, Mines and Minerals.

Wilkesbarre, Wyoming Historical and Geological Society. Proceedings and
Collections.

RHODE ISLAND.

Providence, Brown University. Publications.

TENNESSEE,

Nashville, Vanderbilt University Quarterly.

TEXAS.

Austin, Texas State Historical Association. Quarterly.

Texas Academy of Sciences. Transactions.

Charlottesville, Leander McCormick Observatory. Publications.

Richmond, The Virginia Medical Semi-monthly.

WISCONSIN.

Madison, University of Wisconsin, Bulletins.

Wisconsin Geological and Natural History Survey, Bulletins.

State Historical Society of Wisconsin, Proceedings, Historical Collections.

Wisconsin Academy of Sciences, Arts, and Letters. Transactions.

Milwaukee, Public Museum. Annual Reports.

WYOMING,

Laramie, University of Wyoming. Bulletins.



PUBLICATIONS RECEIVED IN EXCHANGE. 163

OUTSIDE THE UNITED STATES.
BRITISH AMERICA.

Halifax, Nova Scotian Institute of Science. Proceedings.

Hamilton, Hamilton Association. Journal and Proceedings.

London, Entomological Society of Ontario. Canadian Entomologist, Annual
Reports.

Manitoba, Winnipeg Historical and Scientific Society. Transactions, Annual
Reports.

Montreal, McGill University. Publications.

Ottawa, Ottawa Field-Naturalist Club. Ottawa Naturalist.

Geological Survey of Canada. Bulletins, Annual Reports.

Quebec, Le Naturaliste Canadien.

Toronto, University of Toronto. Publications.

School of Practical Science. Engineering Papers.

Canadian Institute. Transactions, Proceedings, Annual Reports.

MEXICO.

Mexico, Sociedad Cientifica "Antonio Alzate." Memorias y Revista.

Sociedad Mexicana de Historia Natural. La Naturaleza.

Institute Geol<')gico de Mexico. Boletin.

Toluca, Instituto Cientifico y Literario "Porfirio Diaz." Boletin.

HAWAIIAN ISLANDS.

Honolulu, Bernice Pauahi Bishop Museum. Memoirs, Occasional Papers, Fauna
Hawaiiensis.

JAMAICA.

Kingston, Institute of Jamaica. Journal, Annals, Bulletin.

CENTRAL AMERICA.

San Jose, Museo Nacional de Costa Rica.

Instituto Fisico Geografico. Anales, etc.

ARGENTINA.

Buenos Aires, Universidad de Buenos Aires. Anales.

Museo Nacional de Buenos Aires. Anales, Communicaciones.
Instituto Geografico Argentine. Boletin.

Sociedad Cientifica Argentina. An3,les.

Cordoba, Academia Nacional de Ciencias.

Oficina Meterologica Argentina. Anales.

La Plata, Universidad de La Plata. Publicationes.

Museo de La Plata. Revista.

BRAZIL.

Rio de Janeiro, Museu Nacional. Archivas.

Sociedad de Geografia de Rio de Janeiro. Revista.

Para, Museu Paraense. Boletin.

Sao Paulo, Museu Paulista. Revista.

CHILI.

Santiago, Sociedad Cientifica. Alemana, Verhandlungen.
Sociedad Cientifica de Chile.

Universidad de Chile. Anales.

URUGUAY.

Montevideo, Museu Nacional de Montevideo. Anales.
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nsbruck, Tiroler Landes-Museum Ferdinandeum. Zeitschrift.

Cracow, Academie des Sciences. Bulletin International.

Lemberg, Academie der Wissenechaften. Chronik.

Prag, Bohmische Mathematische Gesellschaft. Caeopis, Sbornik.

Bohmische Gesellschaft der Wissenschaften. Jahresberichte, Sitzungs-

berichte Mathematische und Naturwissenschaftliche Klasse.

Vienna, K. K. Geologische Reichsanstalt. Verhaudlungen, Jahrbuch.

Monatshefte fiir Mathematik und Phyeik.

Naturwissenschaftlicher Verein der Universitat Wien. Mittheilungen.

K. K. Naturhistorisches Hof Museum. Annalen.

K. K. Zoologisch-Botanische Gesellschaft. Verhandlungen.

Kaiserliche Akademie der Wissenschaften. Sitzungsberichte.

BELGIUM.

Brussels, Aead<^mie Royal des Sciences, des Lettres et des Beaux Arts de Bel-

gique.

Societ(:^ Royale Malacologique. Annales, Proces-Verbaux.

Societe Entomologique de Belgique. Annales.

Societe Beige de G^ologie, de PalContologie, et d' Hydrologie. Bulletin.

.Universit<^ de Bruxelles. Revue.

Li^ge, Societe Gt'ologique de Belgique. Annales.

Louvrain, La Cellule.

Societe Scientifique de Bruxelles. Annales, Revue des Questions Scien-

tifique.
DENMARK.

Copenhagen. Nyt Tidsskrift for Mathematik.

ENGLAND.

Cambridge, Cambridge Philosophical Society. Proceedings, Transactions.

Hull, Scientific and Field Naturalists' Club. Transactions.

Halifax, Yorkshire Geological and Polytechnic Society. Proceedings.

Leeds, Yorkshire Naturalists' Union. Transactions.

Liverpool, Biological Society. Proceedings and Transactions.

London, British Museum (Natural History Department). Catalogues.

Geological Society. Quarterly Journal.

Royal Society. Proceedings.

Manchester, Literary and Philosophical Society. Memoirs and Proceedings,

Newcastle, Institute of Mining and Mechanical Engineers.

Tring, Zoological Museum. Novitates Zoologies.

York, Yorkshire Philosophical Society. Annual Reports.

FINLAND.

Helsingfors, Soci(^t(? de Gf^ographie de Finlande. Finnia.

Sociatas pro Fauna et Flora Fennica. Acta, Meddelanden.

Geografiska Foreningen i Finland. Meddelanden.

Soci(^t<'' des Sciences de Finland. Acta, Ofversigt af Forhandlingen.

Commission Geologique de la Finland. Bulletin.

FRANCE.

Amiens, Soci^t<5 Linn<ienne du Nord de la France. Memoires, Bulletin.

Cherbourg, Soci*jt^' des Sciences Naturalles et Mathematiques.

Dijon, Acadi?mie des Sciences, Arts, et Belles-lettres. Memoires.

Lille, Universit<5 de Lille. Travaux et Memoires.
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Marseilles, Facultt' des Sciences de Marseille. Annales.

Montpellier, Acad<^mie dee Sciences et Lettres. Memoires.

Nancy, Societe des Sciences de Nancy. Bulletin,

Nantes, Soci(?t(; des Sciences Naturelles de 1' Quest de la France. Bulletin.

Paris, Must'e d'Histoire Naturelle. Bulletin.

Bureau des Longitudes.

Nouvelles Annales de Mathematiques.

Acad(?mie des Sciences. Comptes Rendus.

Revue Critique de Paliozoologie.

Soci(^t6 Philomateque de Paris. Bulletin.

Societe de Geographie. Bulletin, Comptes Rendus.
• Feuilles des Jeunes Naturalistes,

Toulouse, Acad('"mie des Sciences. Inscriptions, et Belles-lettres, Bulletin.

Universit<i de Toulouse. Annales de Faculty des Sciences.

GERMANY.

Aachen, Meteorologische Station I. Ordnung, Berichte.

Berlin. Laboratorium und Museum.
Deutsche Physicalische Gesellschaft. Verhandlungen.
Naturaj Novitates.

Konigliche Geologische Landesanstalt. Jahrbuch.
Deutsche Geologische Gesellschaft. Zeitschrift.

Deutsche Apotheker Verein. Arkiv der Pharmazie.
Entomologieche Nachrichten.

Berliner Entomologischer Verein. Zeitschrift.

Konigliche Preussische Akademie. Sitzungsberichte.

Prometheus.

Gesellschaft Naturforschender Freunde. Sitzungsberichte.

Braunschweig, Verein fiir Naturwissenschaft zu Braunschweig. Jahresberichte.

Darmstadt, Grossherzogliche Geologische Landesanstalt. Notizblatt, Verhand-
lungen.

Dresden, Verein fiir Erdkunde. Jahresberichte.

Naturwissenschaftliche Gesellschaft " Isis." Sitzungsberichte und Ab-
handlungen.

Erlangen, Physicalisch-Medizinische Societat. Sitzungsberichte.

Frankfort, Senkenbergische Naturforschende Gesellschaft. Berichte. .

Physikalischer Verein. Jahrsberichte.

Giessen, Oberhessische Gesellschaft fiir Natur- und Heilkunde. Berichte.

G5ttingen, Kdnigliche Gesellschaft der Wissenschaften. Nachrichten.
Halle, K. L. C. Deutsche Akademie der Naturforscher. Nova Acta, Leopoldina.
Hamburg, Mathematische Gesellschaft zu Hamburg. Mittheilungen.
• Naturwissenschaftlisher Verein. Abhandlungen.
Hildesheim, Roemer Museum. Mittheilungen, Berichte.

Kassel, Verein fiir Naturkunde. Berichte.

Konigsberg, Physikalisch-Oekonomische Gesellschaft. Schriften.

Munich, K. Akademie der Wissenschaften. Sitzungsberichte.

Stuttgart, Mathematisch-Naturwissenschaftlicher Verein in Wiirttemburg.
Verein fiir Vaterlandische Naturkunde in Wiirttemburg. Jahreshefte.

Ulm, Verein fiir Mathematik and Naturwissenschaften. Jahreshefte.

Wiirzburg, Physikalisch-Medizinische Gesellschaft. Sitzungsberichte, Ver-
handlungen.
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HOLLAND.

Amsterdam, Koninklijke Akademie van Wetenschappen. Verslag.Verhandelingen.

Genootschap der Mathematik Wetenschap. Wiskundige Opgaven, Nieuw

Archief voor Wiskunde, Revue Semestrielle des Publications Mathematiques.

Haarlem, Mus^-e Teyler. Archives.

Helder, Nederlandsche Dierkundige Vereenigung. Tijdschrift.

Rotterdam, Nederlandsche Entomologische Vereenigung. Tijdschrift.

HUNGARY.

Buda-Pesth, Ungarieche Nationalmuseums. Term(''sz9trajzi Fiieetek.

K. Ungarische Geologische Landsanetalt. Jahresbericht, Mittheilungen.

Presburg, Verein fiir Heil- und Naturkunde. Verhandlungen.

IRELAND.

Belfast, Queen's College. Publications.

Belfast Natural History and Philosophical Society. Report and Proceed-

ings.
ITALY.

Bologna, R. Acaderaia delle Scienze dell'Instituto di Bologna. Memoires.

Florence, Societa Entomologica Italiana, Bullettino.

Genoa, Bullettino di Bibliografia e Storia della Scienze Matematica.

Milan, Annali di Matematica.

R. Institute Lombardo di Scienze, e Lettere. Rendiconti, Memoires.

Modena, R. Accademia di Scienze, Lettre, ed Arti. Memoires.

Naples, R. Accademia di Scienze, Fisiche, e Matematiche. Rendiconti, Mem-
oires.

Padua, R. Accademia di Scienze, Lettere, ed Arti. Atti e Memoires.

Palermo, Circolo Matematico di Palermo. Rendiconti.

Pisa, Societa Toscana di Scienze Naturali. Atti.

II Nuovo Cimento.

R. Scuola Normale Superiore. Annali.

Rome, R. Ufflcio Geologico. Memoires, Bollettino.

Societa Geografica Italiana. Bollettino.

R. Accademia dei Lincei. Rendiconti.

Turin, Museo di Zoologia e di Anatomia Comparata. Bollettino.

R. Accademia Reale delle Scienze. Atti.

NORWAY.

Bergen, Bergens Museum. Aarbog.

Christiania, K. Videnskabs Selskab. Skrifter, Forhandlinger.

Universitets, etc., etc. Archiv for Mathematik ogNaturJahrbuch des Nor.

Throndhjem, K. Norske Videnskabers Selskab. Skrifter.

Tromso, Tromso Museum. Aarshefter, Aarsberetning.

PORTUGAL.

Oporto, Jornal de Sciencias Mathematicas e Astronomicas.

RUSSIA.

Kasan, Societe Physico-Mathematique. Bulletin.

Kharkov?, Societe Mathematique de Kharkow. Communications.

Societe de Naturalistes a I'Universite de Kharkow. Travaux de la So-

ciete.

Moscow, Societe Mathematique de Moscow. Recueil Mathematique.

Nowo-Alexandria, Annuaire Geologique et Mineralogique de la Russie.

Riga, Naturforscher Verein.
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St. Petersburg, Societe Imperial des Naturalistes de St. Peterebourg.

Landwirthschaftlich-Bacteriologischen Laboratoriums.

Societe Entomologique de Russie. Horae.

Academie Imperiale des Sciences. Bulletin.

Comite Geologique de Russie. Bibliotheque Geologique, Memoires,

Bulletin.
SCOTLAND.

Edinburgh, Edinburgh Mathematical Society. Proceedings.

Royal Society of Edinburgh. Transactions, Proceedings.

Edinburgh, Edinburgh Geological Society. Transactions.

Glasgow, Natural History Society of Glasgow. Proceedings and Transactions.

Philosophical Society of Glasgow. Proceedings.

SERVIA.

Belgrade, Annales Geologique de la Peninsula Balkanique.

SPAIN.

Madrid, R. Academia de Ciencias Exactas, etc. Memoirs.

SWEDEN.

Goteborg, Kongl. Vetenskaps och Vitterhets Samhallet. Handlinger.

Lund, Lunds Universitets Bibliothek. Arskrift.

Stockholm, Institut Royal G(''ologique. Afhandlingar och Uppsatser.

Entomolgiska Forenningen i Stockholm. Entomologisk Tidskrift.

Kongl. Vitterhets, Historie och Antiquitets Akademiens Bibliothek.

Monadsblad, Antiquarisk Tidskrift.

K. Svenska Vetenskaps Akademien. Oefereigt af Forhandlingar.

Upsala, K. Universitet Upsala. Arskrift, Bulletin of the Geological Institute.

SWITZERLAND.

Bern, Schweizerische Entomologische Gesellschaft. Mittheilungen.

Scheizerische Gesellschaft fiir die Gesammten Naturwissenschaften.

Verhandlungen, Neue Denkschriften.

Lausanne, Soci<^'te Vaudoise des Sciences Naturelles. Bulletin.

Neuchatel, Socic't^"' des Sciences Naturelles. Bulletin.

Societe Neuchateloise de Geographie. Bulletin.

Zurich, Schweizerische Geologische Commission. Geologischen Karte des

Schweiz.

Naturforschende Gesellschaft in Zurich. Vierteljahrschrift.

AFRICA^

Cairo, Institut Egyptien. Bulletin, Memoires.

Cape Town, South African Philosophical Society. Transactions.

Geological Commission of Cape Colony. Publications.

ASIA.

Bombay, Royal Asiatic Society. Journal.

Calcutta, Geological Survey of India. Memoirs, Annual Reports.
—

;
Indian Museum. Notes.

Asiatic Society of Bengal. Journal.

Batavia, Koninklijke Naturkundige Vereening. Naturkundig Tijdschrift.

Buitenzorg, 's Lands Plantehtuin. Verslag, Mededeelinge, Bulletin.

Tokyo, Societatis Zoologies Tokyonensis. Annotationes.

Imperial University of Tokyo. Journal of the College of Science.
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AUSTRALASIA.

Sidney, The Australian Museum. Records, Memoirs, Annual Reports.

Australasian Association for the Advancement of Science. Reports.

Department of Mines. Records, Memoirs, Mineral Resources.

Brisbane, Royal Society of Queensland. Proceedings.

Adelaide, Government Astronomer. Meteorological Observations.

Royal Society of South Australia. Transactions.

Melbourne, Royal Society of Victoria. Proceedings.

Perth, Government Geologist. Annual Reports, Special Reports, Bulletins.
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Brachypalpus parvus, iii, 247.
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GENERAL INDEX, VOLUMES I TO X. 189

Cambarus, dimorphism of, x, 49, 59.

immuuis, characters of first and second

form males, x, 50, 53.

preparation of material from, x, 5t.
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187.

Canadian Entomologist, i, 39.

Canadian Naturalist, i, 41.

Canonical forms of binary quintic and sextic,
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through given points, vii, 222.
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labium of, ii, 57.

maxillary palpi of, ii, 56.
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Charleston, municipal government of, bibliog-
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of, by Charles S. Prosser, viii, 135.
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extent of, iii, 272.
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species of, i, 17.

tortor, ii, 84.
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westii, description of, i, 29.

Cnephalia, iii, 177.

americaua, iii, 182.

bisetosa, iii, 178.

hebes, iii, 177.
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ruficanda, iii. 183.
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production of, iii, 308.
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Coal Measures, division of, iii, 291.
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Coal Measures, characteristics of limestones

of, iii, 280.

characteristics of sandstones of, iii, 282,

extent of marginal areas of, iii, 283.

faunal studies, ix, 233.

general conditions of disposition of, iii,

286.

of Kansas and Missouri, new Bryozoans

from, ix, 1.

ratio of components of, iii, 279.

stratigraphy of, iii, 271.
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a new species of Sagenodus from the Kan-
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new and little known Pelecypods from,
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new fossils from the Kansas, viii, 123.
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iii, 309.
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CofEeyville explosion, iv, 67.
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iii, 217.
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Thucydides, v, 119.
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Comstock, Prof. J. H., cited, ii, 53.
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signing, vii, 45.

complete solution for problem of propor-

tioning, vii, 56.

designing of, vii, 41.
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from 1881 to 1891, ii, 209,

Construction of coUineations, on the, ix, 65,

Continuous groups, supplementary notes to

the article on, iv, 169.

Contribution to the knowledge of the ichthyic

fauna of the Kansas Cretaceous, vii, 21.

Copestylum marginatum, i, 37, 41 ; iii, 241.

Coraco-scapula of Eryops Cope, notes on the,

viii, 185.

Corals, new, from the Kansas Carboniferous,

vii, 17.

Corbula, sp., viii, 92.

Corn, number of parasites of, i, 223.

Cossidae, scales of, iii, 86, 87.

Cottonwood Falls limestone, iii, 279, 283, 234.

Counterfeit gold dust, chemical analysis of,

iii, 197.

Covariants of the cubic, ii, 88.

Cragin, F. W., vii, 123.

Crayfishes of Kansas, annotated catalogue of

the, ix, 263.

Cretaceous, some fish teeth from the Kansas,

ix, 27.

a new turtle from the Benton, iii, 5.

fishes, new species of, vii, 21, 117, 191.

fishes, notice of three new, with remarks
on the Saurodontidie Cope, viii, 107.

invertebrates of Kansas, some additions

to, viii, 87.

new genus of fishes from the Niobrara,

viii, 13.

of Kansas, Pachyrhizodus minimus, a new
species of fish from, viii, 37.

vertebrate remains from the lowermost,

iii, 1.

Cricotus, vi A, 253.

Crinoids from the Kansas Carboniferous, two
new, ix, 21.

Crioprora cyanogaster, iii, 247.

Criorrhina umbratilis, i, 38.

Critic centers of a system of quartics, i, 66, 68.

Crocodilia, iii, 3.

Cryj)togamic plant material, vii, HI.

Ctenophora angustipennis, similis, ii, 63.

Cubics, basal points of a system of, i, 52, 56.

critic centers of a system of, i, 52, 53.

cuspidal, i, .50, 51.

ucdal, i, 49, .5(1.

Cubics through nine points, pencil of, x, 13.
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Cuprogoslarite, a new variety of zinc sulph-

ate, viii, 105.

Curupira, vi, 12.

Curvinieter, a, iv, 121.

Cyanocephalus cyanocophalus, iii, 133.

Cyrtopogon dasyllis, ii, 66.

D.

Dactylomyia, ii, 151.

gracilipes, ii, 151.

Dakota Cretaceous of Kansas, iii, 216.

Danais archippus, ii, 51.

clypeus of, ii, 51.

dorsal aspect of protliorax of, iii, 137.

epicranium of, ii, 53.

epipbarynx of, ii, 56.

fixed parts of the head of, ii, 57.

gense of, ii, 52.

gula of, ii, 54.

labial palpi of, ii, 57.

labium of, ii, 57.

labrum of, ii, 54.

mandibles of, ii, 53, 56.

maxilla^ of, ii, 56.

movable parts of the head of, ii, 53.

occiput of, ii, 53.

pilifers of, ii, 55.

post-gense of, ii, 53.

sclerites of the head of, ii, 51.

tentorium of, ii, 54.

Daptinus, vii, 22.

broadheadii, vii, 24.

Degenerate cubics of pencil tlirough nine

points, X, 14.

Density of population dependent upon abun-

dance of food-supply, vii B, 27.

Dermal covering of Hesperornis, v, 53.

Designing of cone pulleys, vii, 41.

Desmatochelyidff", iii, 5.

Desmatochelys, iii, 5.

lowii, iii, 5.

Desmatoneura, iii, 2o7.

argeutifrons, iii, 267.

Desmatomyia, iii, 268.

anomala, iii, 268.

Detection of arsenic, antimony, and tin, ix,

259.

Diachlorus curvipes, iii, 193.

Dialect study, a contribution to, i, 71.

word-list, i, 95, 137.

Dialysis, iii, 265.

aldrichi, iii, 265.

dissimilis, iii, 263.

elongata, iii, 265.

ruflthorax, iii, 265.

Dialysis and Triptotricha, iii, 263.

Diaspis snowii, n. sp., viii, 14.

Dichelacera scutellata, iii, 193.

Didea fuscipes, iii, 238.

laxa, iii, 238.

Dinictis, sp., iii, 173.

a new secies of, from the White River Mio-

cene of Wyoming, iv, 237.

paucidens Riggs, iv, 239.

Dinotomius atrox, iii, 170.

Direction of sound, experiments in judging,

vii, 9.

Distance of sound, experiments in judging,

vii, 1.

Dipalta, iii, 43.

Diphtheria in Kansas, viii, 23.

map showing distribution of, by counties,

viii, 33.

Diptera of Colorado and New Mexico, iii, 225.

Diptera, bibliography of North American, iv,

199.

brasiliana, i, 43, 119.

brasiliana, part IV, vi, 1.

list of Asilidse, iv,173.

new or little-known, ii, 59.

two remarkable new genera of, iv, 107.

Discharge of the Kansas river at Lawrence,

Kan., since 1881, iv, 163.

Dissosteira longipenuis, i, 39.

Distance, visual perception of, v, 109.

Distribution of the Mosasaurs, vi A, 177.

Dolichopodidae, ii, 147.

new genera and species of, ii, 151.

Dolichopus and Hygroceleuthus, revision of

the genera, ii, 1.

additions to revision of, ii, 154.

Dolichopus, ii, 1, 2, 23, 152.

table of spscies, ii, 2.

acuramatus, ii, 2.

agilis, ii, 5, 16, 26.

albicilliatus, ii, 3, 9.

albicoxa, ii, 3, 10.

augustatus, ii, 5, 15.

aurifacies, ii, 6, 20.

batillifer, ii, 4.

bifractus, ii, 4, 12.

brevimanus, ii, 3, 10.

brevipennis, ii, 3, 10.

brunueus, ii, 5, 14.

calcaratus, ii, 2, 8.

canaliculatus, ii, 6.

coloradeusis, ii, 26.

comatus, ii, 5, 14.

convergens, ii, 2, 9.

cociuilletti, ii, 6, 19.

corax, ii, 2, 7.

cuprinus, ii, 4, 7, 12.

dakotensis, ii, 4, 11.

detersus, ii, 2, 8.

discifir, ii, 5.

dorycerus, ii, 3.

duplicatus, ii, 6, 18, 157.

endactylus, ii, 4, 11.

flagelliteneas, ii, 1, 4, 13.

fulvipes, ii, 5.

funditor, ii, 6, 20.

germanus, ii, 1, 6, 21.

gracilis, ii, 5, 15.

grandis, ii, 6, 21, 1.56.

gratus, ii, 2, 7, 8.

hastatus, ii, 4, 13.

henshawi, ii, 1, 4.

incisuralis, ii, 5, 14.
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Dolichopus incongruus, ii, 1, 3.

johnsoni, ii, 2, 7.

kansensis, ii, 2, 8.

laticornis, ii, 2, 7.

lobatus, ii, 5, 16.

longimanus, ii, 3, 10.

longipennis, ii, 4, 6, 12, 13.

luteipennis, ii, 4.

marginatus, ii, 5, 17.

melanocerus, ii, 5.

myosota, ii, 2.

nudus, ii, 3.

obcordatus, ii, 4, 5, 14.

occidentalis, ii, 6, 19.

ovatus, ii, 2, 9, 156.,

pachjcnemus, ii, 3, 9.

palsestricus, ii, 3, 10.

platyprosopus, ii, 5.

plumipes, ii, 4, 13.

plumosus, ii, 6, 18, 19.

pollex, ii, 5.

preeustus, ii, 5.

pugil, ii, 5.

pulclirimanus, ii, 23.

quadrilamellatus, ii, 6.

ramifer, ii, 4, 12, 157.

reflectus, ii, 4, 12.

ruficornis, ii, 6.

sarotes, ii, 6.

scapularis, ii, 6, 20, 23.

scoparius, ii, 6, 18.

setifer, ii, 2, 156.

setosus, ii, .'i, 14.

sexarticulatus, ii, 6.

socius, ii, 3, 10.

splendidulus, ii, 3.

splendidus, ii, 3, 11,

subciliatus, ii, 4.

tener, ii, 4.

tenuipes, ii, 155.

terminalis, ii, 6.

tetricus, ii, 2.

tonsus, ii, 4.

variabilis, ii, 4, 11.

vigilans, ii, 5, 13.

vittatus, ii, 4, 6, 12.

willistonii, ii, 6, 22.

xaathocnemus, ii, 3, 9.

Dolichomyia, iii, 41.

gracilis, iii, 41.

Douglas formations along the Kansas river,

the Pottawatomie and, ix, 234.

Drosophila opaca, vi, 12.

Dutch settlements in Kansas, iii, 162.

E.

Eacles imperialis, i, 39.

Eclimus sodalis, ii, 65.

auratus, ii, 66.

lotus, ii, 66.

melanosus, ii, 65.

muricatus, ii, 65.

Economic and social influences of irrigation,

viiB, 27.

Economic Fungi. Seymour and Earle's, i, 129.

Edestosaurus, synonymy of, i, 26.

Effect of irrigation on prices, vii B, 33.

Elephas, vii, 124.

Elmira reformatory, i, 165, 169, 176, 177.

Elymus canadensis, i, 123.

virginicus, i, 123.

Empis sociabilis, ii, 66.

Employees, the condition of packing-house,
iv, 41.

Empo lisbonensis, n. sp., viii. 111.

Enchodus amicrodus, vii, 193.

parvus, vii, 192.

Entomological News, i, 41.

Ephydra bispinosa, vi, 2.

Epibates muricatus, ii, 65.

Epitaphios, a study of the type of the Greek,

iv, 219.

Epochra canadensis, ii, 159.

Equianharmoniccubics of pencil through nine

points, X, 14.

Equisetum, method of demonstrating distri-

bution of spores, viii, 113.

Erie limestone, named, ii, 108.

Erie limestone, iii, 275, 280.

Eriophorum virginicum, i, 124.

Eriocera obscura, ii, 61.

eriophora, ii, 61.

Erisichthe, vii, 22.

Erisocrinus megalobrachius, n. sp., viii, 124.

Eristalis brousi, i, 38.

brousi, iii, 243.

flavipes, iii, 213.

hirtus, iii, 242.

latifrons, i, 38; iii, 242.

scutellaris, iii, 247.

tenax, iii, 2t2.

transversus, iii, 243.

Eryops Cope, notes on the coraco-scapula of,

viii, 185.

Erysiphe graminis, hosts of, i, 131.

Escarpment, Altamont, vii, 95.

Burlington, vii, 99.

Burlington, vii, 232.

Carlyle, vii, 97.

Earlton, vii, 96.

Elk Falls, vii, 99.

Erie, vii, 95.

Eureka, vii, 100.

Hertha, vii, 95.

Howard, vii, 100.

Independence, vii, 96.

lola, vii, 96.

Mound Valley, vii, 96.

Oswego, vii, 94.

Pawnee, vii, 94.

Reece, vii, 101.

Essential Parameters of projective tranforma-

tions, vii, 125, 126.

Ethiopians, temperature sense in, iii, 203.

Eupeodes volucris, i, 36; iii, 232.

Euchoerus macrops, iii, 24.

Eucnephalia, iii, 180, 185.

gonioides, iii, 185.
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Eudamus, prothorax of, iii, 145.

tityrus, iii, 141.

Eur«?sta Hjqualis, ii, 171.

bella, ii, 171.

bellula, ii, 172.

festina, ii, 171.

tnexicana, ii, 172.

European cities, government of, bibliography,

1, 181.

Eurosta comma, ii, 169, 170.

fenestrata, ii, 169.

latifrons, ii, 161.

reticulata, ii, 170, 171.

solidaginis, ii, 169, 170.

Eutreta diana, ii, 158.

diana, var., ii, 158.

longicornis, ii, 158.

sparsa, ii, 167.

Evaporation in the arid region, iii, 118, 211.

Explosive compound, formed by the action of

liquid ammonia upon iodine, vi A, 71.

Explosion, the Cotfeyville, iv, 67.

Exponential curve, construction for, vii, 220.

use of, in plotting the catenary, vii, 218.

Extremities of Tylosaurus, vi A, 99.

Extinct vertebrates, new or little known, iii,

165.

F.

Family of surfaces invariant under hG., (ABCl)
of type II, X, 89.

Faunal studies, Coal Measures, ix, 233.

Felis maxima, iii, 174.

Ferns from the Permian of Kansas, a new
genus of, ix, 179.

method of demonstrating distribution of

spores, vii, 113.

Finance committees, development of, in the

house of representatives, ii, 217.

in the senate, ii, 220.

Finance of American cities, bibliography, i,

1»6.

Finney county, Kansas, bird fauna of, iii, 129.

causes affecting abundance of bird fauna
of, iii, 129.

topography of, iii, 129,

list of birds, iii, 129.

Fish teeth from the Kansas Cretaceous, some,
ix, 27.

Fish, a new species of, from the Cretaceous of

Kansas, viii, 37.

Fishes, a new genus of, from the Niobrara Cre-

taceous, viii, 113.

Cretaceous, iii, 2; vii, 21, 115, 177, 191.

three new Cretaceous, viii, 107.

Fissicorn Tachinidse, iv, 171.

Fissures and faults, iii, 284.

Five-parameter subgroups of Q„ (Apl) of type
V, X, 100, 104.

Fixing and hardening material, apparatus to

facilitate the process of, vii, 107.

Food-supply, density of population dependent
upon, vii B, 27.

progress and activity of society dependent
upon, vii B, 28.

Foreign settlements in Kansas, i, 71 ; iii, 159.

Fort Pierre Cretaceous, iii, 216.

turtle remains from, vii, 201.

Fort Scott cement rock, iii, 273, 280.

Fossils, new, from the Kansas Coal Measures,
viii, 123.

Four-parameter subgroups of Go (Apl) of type
V, X, 100, 104.

Freeze-out Hills of Wyoming, Jurassic forma-
tion of, ix, 109.

Frenatse, scales of, iii, 61, 83.

French settlements in Kansas, iii, 161.

French system of registry of criminals, i, 173.

Fusisporium, i, 123, 130.

Future, and future perfect, the past, vii B, 81.

G.

Garnett limestone, named, ii, 100.

Gastrops, vi, 3.

niger, vi, 3.

Geological reconnoissance in southwest Kan-
sas and No Man's Land, ii, 143.

Geological section at Providence, Mo., iv, 161.

Geological section, a, along the Verdigis river,

ii, 115.

A. T. & S. F. R. R. from Cherryvale to

Lawrence, and from Ottawa to HoUiday,
ii, 118.

Neosho river, ii, 104.

Geological map of Logan and Gove counties,

vii, 19.

Geological map of Kansas, iii, 216.

Geology, report on field-work in, for 1893, ii, 99.

Geometry of one dimension, Hessian, Jacob-
ian and Stinerian in, iii, 103.

German settlements in Kansas, iii, 159, 161.

Glacier, traces of a, at Kansas City, Mo., ii,

149.

Glaciated area of Kansas, a preliminary re-

port on, iv, 153.

Gleed, C. S., i, 137.

Gnamijtosilopus, ii, 48.

Gonia, iii, 177.

exul, 180; sequax, iii, 181.

Gove county, geological map of, vii, 19.

Government of American cities, general dis-

cussions on bibliography, i, 187.

Graphical construction for the catenary, vii,

211.

Graphic rectification of arcs by means of hy-

perbolic spiral instrument, vii, 169.

Grapta interrogationis, prothorax of, iii, 138.

Graminew, parasites of, i, 131.

Grandgent, C. H., treasurer American Dialect

Society, i, 73.

Grass family, number of parasites of, i, 123.

Grasses, notes on some diseases of, i, 123.

Gravels, surface, in eastern Kansas, ii, 136.

Great Spirit spring, i, 85.

Group hG3 (ABCD), x, 5.5.

Group eGj (ABCD) and its subgroups, x, 45.

Group eeGj (ABCD) and its subgroups, x, 46.

Group hQj (ABCl) of type II, x, 87.

Group eGa (ABCl) of type II, x, 93.
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Group Gi (ABpl) of type IV, x, 98.

Group G„ (Apl) of type V, x, 99, 101.

Group G721 X, 31.

G5i(l,2, 3, 4), X, 19, 24.

G3„ (1,2,3), X, 28, 30.

Gjs, X, 16.

Group of 216 coUiueations in the plane, x, 13.

Group and subgroups of real collineations

leaving a tetrahedron invariant, x, 33.

Gypsum in Kansas, vi, 16.

rocks, chemical composition of some Kan-

sas, vi, 29.

H.

Hadrus lepidotus, parvus, iii, 192.

Harmonic cubics of pencil through nine points,

X, 14, 28.

Heating system of Spooner library. University

of Kansas, vii, 149.

Hecaraede abdominale, vi, 4.

Heliconidae, iii, 142.

Helophilus bilinearis, iii, 247.

leetiis, iii, 243.

latifrons, i, 38; iii, 243.

obscurus, iii, 247.

similis, iii, 243.

sp., iii, 243.

Hemaris thysbe, ii, 52.

clypeus of, ii, 52.

mandibles of, ii, 153.

pilifers of, ii, 55.

Hemaris, prothorax of, iii, 141.

Hepialida?, scales of, iii, 81, 82.

Hepialus, ii, 52.

clypeus of, ii, 52.

epicranium of, ii, 52.

Hesperornis gracilis, v, 53.

Hessian of the cubic, ii, 88, 89, 91.

Hesperidse, iii, 142.

Hessian, the, in geometry of one dimension,

iii, 103.

Hexachaeta, ii, 167.

Himantopus mexicanus, iii, 131.

Holcodus, vi, 183.

Holosaurus, i, 26; iii, 168.

Host Index, Farlow and Seymour's, i, 123, 131.

Hoplophoneus occidentalis, v, 37.

Horsebacks in the Kansas Coal Measures,

iv, 145.

Hough, Dr. Gary de N , ix, 203.

House judiciary committee concedes right of

senate to originate appropriation bills,

ii, 108.

House refuses to recognize right of senate to

originate a bill authorizing the issue of

treasury notes, ii, 191.

rejects senate amendment to post-office

appropriation bill, ii, 198.

resolution denying right of senate to amend
revenue bill so as to originate repeal of

income tax, ii, 201.

denies right of senate to amend revenue

bill so as to alter its purpose, ii, 204.

Hulst, G. D., i, 40.

Hutchinson reformatory, i, 177.

Hygroceleuthus, ii, 1, 23.

afflictus, ii, 23, 24, 25, 26, 155.

ciliatus, ii, 8, 23, 24, 25.

crenatus, ii, 23, 24, 25, 26, 155.

idahoensis, ii, 154.

laniellicornis, ii, 25.

latipes, ii, 23, 21, 155.

table of species, ii, 24.

Hygroceleuthus and Dolichopus, revision of,

ii, 1.

additions to revison of, ii, 154.

Hymenoptera, parasitic, vii, 206.

Hyperbolic spiral, constructions for, vii, 156.

graphical operations performed by use of,

vii. 160.

Hyposaurus, iii, 3.

Hypothesis for author of Piers Plowman,
grounds for new, vii B, 22.

Hystrichodexia rosderi, ii, 77.

I.

Ichthyodectidse, vii, 21.

Ichthyodectes, vii, 22.

Icterica seriata, ii, 171.

Ilythea flavipes, vi A, 4.

Imperfect and imperfect of repeated action,

the descriptive, vii B, 68.

Indians, delicacy of the sense of taste among,
ii, 95.

Instrument the, viii, 160.

mathematical properties of, vii, 160.

mechanical properties of , vii, 171.

properties and uses, vii, 155.

Invariant curves and surfaces of hGi
(ABCD)rs, X, 55.

of hGi ( ABCl )ar of type II, x, 88.

ofGi (ABlDanof typelll, x, 94.

of Gi ( ABpDanh of type IV, x, 97.

ofG, (Apl)of type V, x, 102.

Invariant tetrahedron, x, 33.

Invariants of cubic, ii, 88.

of point and cubic, ii, 85.

of the quartic, ii, 91.

Invertebrate faunas of Jurassic formation in

Wyoming, ix, 109.

Invertebrates, Cretaceous, of Kansas, viii, 87.

Injury, mechanical, done by parasite, i, 126.

Inversion, method of, i, 47, 89.

Involutric transformations of the straight

line, iv. 111.

Infusoria, relation to oxygen, vii. 111.

Iodine, explosive compound formed by the

action of liquid ammonia upon, vi, 71.

lola limestone, iii, 276, 281.

named, ii, 109.

Irish settlements in Kansas, iii, 161.

Irregular curves, vii, 171.

Irrigation along the Arkansas in western Kan-
sas, iii, 117.

canals along the Arkansas in western Kan-

sas, iii, 123-126.

in western Kansas, problems of, iii, 213.

economic and social influence of, vii B, 27.

Italians in Kansas, iii, 161.

Itomere, formation of, in Scolopendra, x, 68.
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J.

Jacobian of the cubic, ii, 90.

Jacobian, the, ia geometry of one dimension,

iii, 103.

Joplin lead and zinc district, minerals occur-

ring in, x, 161.

Jugafip, the scales of, iii, 60, 61, 80.

Jurassic formation ia the Freeze-out Hills of

Wyoming, ix, 109.

K.

Kafir-corn flour as an adulterant of buck-

wheat flour, vii, 38.

Kansas Academy of Science, transactions of,

i, 85.

Carboniferous, new corals from, vii, 17.

Coal Measures, horsebacks in the, iv, 145.

Cretaceous, fishes of, vii, 21, 115, 177, 191.

list of birds, additions, iii, 129, 130.

Carpodicus mexicanus frontalis, iii,

129, 134.

Dendroica caerulescens, iii, 130, 135.

Hesperocichla neevia, iii, 129, 135.

Piranga ludoviciana, iii, 129, 134.

penology in, i, 155.

present status of the street-paving problem
in, ii, 27.

river, notes on the discharge of, iv, 163.

river valley, the sands of, iv, 125.

southeabtern, physiography of, vii, 87.

taxation in, viii B, 19.

Kaw river and its tributaries, a chemical ex-

amination of, iii, 91.

Kinoplasm and nucleolus, behavior of, in the

division of the pollen mother cells of

Asclepias cornuti, vii, 77.

Labor problem, experiments in the solution

of, iv, 15.

Labyrinthodont, a new, from the Kansas Car-

boniferous, vi, 209.

Lamm, Oscar F., engineer of Kansas peniten-

tiary, i, 171.

Lamna occidentalis, iii, 2.

Landois, quoted, iii, 50.

Land shales, iii, 277.

Langland, William, his philosophy, ii, 221.

his probable education, ii, 285,

Lasiocampidse, scales of, iii, 89.

Latin, the sequence of tenses in, viii B, 57.

Lawrence shales, iii, 277, 282, 284, 295.

coal in, iii, 303, 305.

named, ii, 122.

Lecaniodiaspis celtidis, sub. sp. pruinosus,
sub. sp. n., viii, 77.

Lecanium armeniacum, viii, 71.

canadense, viii, 68.

cockerelli, n. sp., viii, 70.

coffeae, viii, 75.

hesperidium, viii, 75.

kansasense, n. sp., viii, 69.

maclurse, n. sp., viii, 67.

oleee, viii, 75.

15-K.U.Qr. A-x4

Lecaniodiaspis? parrotti, n. sp., viii, 76.

Lecompton limestone, iii, 278.

Legal status of American cities, bibliography,

i, 184.

Lepidoptera, the prothorax of, dorsal aspect,

iii, 137.

form, variation, iii, 13^.

lobes of, iii, 137, 138.

membrane, movements of, iii, 137.

taxonomic value of the scales of, iii, 45.

width of, iii, 138.

Leptecodon rectus, n. sp., viii, 113.

Leptorhethum, ii, 50.

angustatum, ii, 50.

Le Roy shales, named, ii, 110.

Lesticodus, vi, 182.

Lestosaurus, vi, 184.

Limacon, article on the, i, 89.

as a nodal bicuspidal quartic, i, 62.

Pascal's, i, 60, 89.

angle trisected by use of, ii, 39.

Limestone, Burlington or Garnett, iii, 277,
281.

Carlyle, iii, 277..

characteristics of Coal Measures, iii, 280.

Cottonwood Falls, iii, 279, 283, 280.

Erie or triple, iii, 275, 280.

lola, iii, 276, 281.

Lecompton, iii, 278.

Oread, iii, 278, 281.

Oswego, iii, 273, 280.

Pawnee, iii, 274, 280.

Tecumseh, iii, 278.

Topeka, iii, 278.

Limestone, sandstone, and shales, relative

value for stratigraphic work, ii, 102.

Limnobia concinna, ii, 60.

conctipes, ii, 61.

Linear geometry of the cubic and quartic,

ii, 85.

Lintel, maximum load on a, ii, 31.

Liodon, iii, 166.

Lipochseta, vi, 7.

Literature and the writer's responsibility, the

tone of, vii B, 39.

Livingston, Edward, quotation from, i, 161.

Local government, bibliography, i, 180.

Logan county, geological map of, vii, 19.

Logarithmic curve, construction for, vii, 220.

use of, in plotting the catenary, vii, 218.

London, government of, bibliography, i, 181.

Lordotus pulcherrimus, puella, ii, 64.

Lords and commons, contest between, over

control of the purse, ii, 213.

Louisville mineral water, the composition of,

vi A, 117.

Loup Fork tortoises, skull of, vii, 143.

Loxia curvirostratra minor, iii, 134.

stricklandi, iii, 134.

Lycsenidee, iii, 140, 141.

M.
Machserodus, iii, 170.

Macrosaurus, vi, 182.

crassidens, iii, 175.
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Magnetism, eifect upon the spectral lines of

sodium, vi, 77.

Mallota albipilis, iii, 214.

Map, preliminary, of foreign settlements in

Kansas, i, (facing) 84.

Marginal areas, extent of, iii, 283.

Mastodonsaurus, vi, 209.

Maximum load on a lintel, ii, 31.

McCann sandstone, stratigraphy of the, ix,

175.

Mechanical properties of hyperbolic spiral in-

strument, vii, 171.

Mecoptera, scales of, iii, 59.

Megalopteris, systematic description of, x, 7.

Megalopygidfe, scales of, iii, 84.

Melanerp^s torquatus, iii, 133.

Melanoplus differentialis, vii, 205, 206, 207.

parasitic influences on, vii, 205.

Melanostoma concinnum, iii, 229.

kelloggi, iii, 230.

mellinum, i, 35; iii, 230.

stegnum, i, 35.

Melitera dentata Grote, notes on, i, 39.

prodenialis Walker, i, 39, 40.

Mesogramma marginatum, i, 37; iii, 239.

politum, iii, 239.

Metapelastoneurus, ii, 1,52.

kansensis, ii, 153.

Microdon megalogaster, i, 34.

Microplerygidse, scales of, iii, 82, 83.

globosus, iii, 225.

Microscopic comparison of samples of white

arsenic, ix, 255.

Minerals in the Joplin district, ix, 161.

Mineral water, composition of Louisville, vi,

117.

Miocene, the White River, of Wyoming, a new
species of Dinictis from, iv, 237.

Mixogaster mexicans Macq., notes on, vi, 140.

breviventris, n. sp., vi, 137.

conopsoides Macq., notes on, vi, 140.

previously described species of, vi, 140.

Modern higher algebra, i, 133.

Modiola, sp. ?, viii, 91.

Moments, maximum bending, for moving
loads, etc., i, 143.

Money bills, origination of, confined to lower
house, ii, 176.

provisions in state constitutions, ii, 177,

Mongolians, temperature sense in, iii, 203.

Monocular perception of space, v, 112, 117,

Monopteria gibbosa Meek and Worthen, new
vai ietv of, vii, 187.

Monopteria ? subalata, n. sp., viii, 133.

Monroe doctrine, history of, v, 56.

Morosaurus grandis, vii, 173.

sacrum of, vii, 173,

species of, vii, 173.

Mosasauridse, iii, 169.

Mosasaurus maximiliani, iii, 166.

horridus, iii, 166; vi, 95.

MosasauriniP, vi, 181.

Mosses, method of demonstrating distribution

of spores, vii, 113.

Mosasaurs, a new genus of, vi, 95.

habits of, vi, 110.

Kansas, part I, i, 15.

Kansas, part II, ii, 83.

new characters of, vii, 235.

range and distribution of, vi, 177.

restoration of, vi, 107.

some additional characters of, viii, 39.

Mounting media, refractive index and alco-

hol-solvent power of, vii, 197.

Multisection of angles by use of hyperbolic
spiral instrument, vii, 162.

Municipal government in the United States, a

brief bibliography of, i, 179.

Municipal industries of American cities, bibli-

ography, i, 191.

Muscida', South American, ix, 203.

Myalina ? exasperata, n. sp., viii, 128.

Mycelium, methods of entering host, i, 127.

Mydaidiv, mouth-parts of, i, 113.

Mylodon harlani, iii, 175.

Myology of the hind limb of the raccoon, vi,

121.

Myriapods, spermatogenesis of, x, 61-76.

Mytilaspis pomorum, viii, 14.

Myxomycetes, material for the study of, vii,

111, 112.

N.

Natural gas and coal-oil in Kansas, iv, 1.

distribution and use of, iv, 10.

method of collecting and analjzing, iv, 9.

Nausigaster punctulata, iii, 247.

Navicula, i, 87.

Nebraska City section, correlation of, vii, 231.

Nectoportlieus, vi A, 182.

Nemistrinidee, mouth-parts of, i, 114.

Neoglaphyroptera striata, ii, 60.

Neoitamus affiuis, distinctus, ii, 73.

Neuropteris, systematic description of, x, 7.

New forms of Pseudomonotis from the Upper
Coal Measures of Kansas, viii, 79.

New labyrinthodont from the Kansas Car-

boniferous, vi, 209.

New Plesiosaur from the Kansas Comanche
Cretaceous, vi, 57.

New York system of classifying prisoners, i,

160.

municipal government of, bibliography, i,

194.

Niobrara Cretaceous, iii, 21.

Nitzschia, i, 87.

No Man's Land, geological reconnoissance

in, ii, 143.

Normal forms of projective transformations,

vii, 125.

Note on the Permian flora of Kansas, ix, 63.

Notes on the osteology of Bison antiquus, vi,

127.

Notice of some vertebrate remains from the

Kansas Permian, vi, 53.

Notiphila bellula, vi, 5.

pulchrifrons, vi, 5,

striata, vi, 5.

Nucleus, budding of, in Scolopendra, x, 73.
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Nucula pulchella, n. sp., viii, 132.

Nusa abdominalis, vi, 103.

similis, vi, 103.

Nyctodactylus, i, 5.

species of, i. 2.

Nymphalidw, iii, 142.

O.

Oats, number of parasites of, i, 123.

Ochthera, huinilis, vi, 6.

regalis, vi, 6.

Occurrence of tLie bryozoan genus Rhabdome-
son in America, ix, 173.

Oedaspis, ii, 165.

atra, ii, 164.

miuuta, ii, 164.

montana, ii, 163.

Oedicarena, ii, 162.

diffusa, ii, 161, 162.

Oklahoma, a geological reconnoisance in

Grant, Garfield and Woods counties, vii,

121.

Oiigoporus? minutus, n. sp., viii, 126.

Omegasyrphus baliopterus, iii, 226.

coarctatus, iii, 226.

sp., iii, 226.

One-parameter subgroups of hG3(ABCD), x,

33.

of hGaCABCl) of typell, x, 87.

of eGafABCl) of type II, x, 92.

of GaCABl') of typelll, x, 93.

of G4( ABpl ) of type IV, x, 96.

of Gr,{ Apl ) of type VI, x, 100, 102.

On the construction of collineations, ix, 65.

Onychogonia, iii, 180.

Oospores, obliteration of parenchyma by, i,

129.

Opercular and other cranial bones of Xiphac-

tinus Leidy, a preliminary description

of, viii, 19.

Opetia, iii, 143.

Opuntia missouriensis, i, 39, 40.

Oread limestone, iii, 278, 281.

named, ii, 123.

Organic matter in the Western streams, iii,

101.

Origination of money bills, debates on, in con-

stitutional convention, ii, 176.

Ornithocheiroidea, vi, 36,

Ornithocheirus, vi, 35.

Ornithostoma, ii, 79; vi, 35.

ingens, vi, 36.

notes on the mandible of, iv, 61.

on the skull of, iv, 195.

Orthoneuromyia, ii, 67.

modesta, ii, 68.

Osage City shales, iii, 278-305.

coal in, iii, 278, 304, 305.

Oscillaria, i, 87.

Osteology of Anogmius polymicrodus Stewart,

viii, 117.

Ostreidit*, viii, 95.

Oswego limestone, iii, 273, 280.

Ottawa limestone, named, ii, 121.

Ostrea attenuata, n. sp., viii, 99.

canonensis, n. sp., viii, 90.

congesta, viii, 90.

crenula, n. sp., viii, 93.

ellsworthensis, n. sp., viii, 88.

exogyroidea, n. sp., viii, 91.

incurva, n. sp., viii, 92.

jewellensis, n. sp., viii, 95.

kansasensis, n. sp., viii, 88.

lata, n. sp., viii, 94.

leeii, n. sp., viii, 94.

wellerii, n. sp., viii, 89.

willistonii, n. sp., viii, 89.

Oxygen, evolution of, by Algee, vii 111.

Pachyrhina erythrophys, ii, 63.

Pachyrhizodus leptognathus, vii, 193.

minimus, a new species of flsh from the

Cretaceous of Kansas, viii, 37.

sp., vii, 195.

velox, vii, 193.

Packing-house, condition of employees in,

iv, 41.

Pamphila conardus, genee of, ii, 52.

epicranium of, ii, 53.

Pangonia arcuata, iii, 190.

buUata, iii, 191.

diaphana, iii, 190.

fllipalpis, iii, 190.

fulvithorax, iii, 189.

margaritifera, iii, 191.

pyrausta, iii, 189.

unicolor, iii, 189.

venosa, iii, 189.

Panicum sanguinale, i, 129.

variegatum, i, 125.

Papilis eurymedon, prothorax of, iii, 140.

Papilionidse, iii, 142.

Paragus bicolor, i, 35; iii, 227.

tibialis, iii, 227.

Paralimna multipunctata, vi A, 111.

obscura; vi A, 5.

Paramyia, vi A, 1.

' Parasidae, scales of, iii, 87.

Parasites, effects of, ou hosts, i, 130.

Paris, government of, bibliography, i, 182.

Partition of Africa, the, viii B, 1.

Parydra humilis, vi, 7.

Pascal's Limacon, i, 60, 89.

Patrick, G. E., i, 89.

Pawnee limestone, iii, 274, 280.

Pedal of a circle, i, 89.

Pelastoneurus, ii, 152.

vagans, ii, 152, 1,53.

Pelecocera, iii, 187.

pergandei, iii, 187.

scpe oides, iii, 187.

willistoni, iii, 187, 239.

Polecorhynchus ornatus, iii, 192.

Pelecypods, now and little known, from the

Coal Measures, viii, 131.

Pencil of cubics through nine points, x, 13.

Penitentiary, Kansas state, i, 155.
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Pennsylvania system of classifying prisoners,

i, 160.

Penology in Kansas, i, 155.

Perception, visual, of distance, v, 119.

Percolation through soils, iii, 221.

Permian, the, in southern Kansas, vi, 149.

Permian plants— Tfeniopteris of the Permian
of Kansas, x, 1.

Permian flora of Kansas, note on, ix, 63.

Permian of Kansas, a new genus of ferns from
the, ix, 179.

Peronospora graminicola, i, 129.

Petroleum, composition of Kansas, iv, 11.

Philadelphia, municipal government of, bib-

liography, i, 196.

Phorocera, iii, 185.

Physiography of southeastern Kansas, vii, 87.

Physogenua ferruginea, vi, 8.

nigra, vi, 8.

vittata, vi, 8.

Pica pica hudsonica, iii, 133.

Picicorvus columbianus, iii, 133.

Pieris rap!*, prothorax of, iii, 137, 140.

Piers the Plowman

:

content of the poem, ii, 239.

form of the poem, ii, 276.

interpretation of the character, ii, 251.

political and social theories in, ii, 243.

relation of, to the life of the author, ii, 235.

scientific information in, ii, 239.

spirit of the poem, ii, 279.

theology and religion in, ii, 248.

value of the poem, ii, 288.

Piers Plowman, the vision of, ii, 233.

list of works referring to, vii B, 1.

notes on, vii B, 1.

possible name of author, vii B, 25.

scene of the poem, ii, 234.

Pipiza pistica, iii, 227.

Piricularia grisea, i, 129.

effect of, i, 130.

hosts of, i, 131.

Plagiotoma obliqua, ii, 162.

Plants, Permian—Tiieniopteris of the Permian
of Kansas, x, 1.

Plasmodia of Myxorcycetes, material for the

study of, vii, lU, 112.

Platecarpinaa, vi, ISl.

Platecarpus, vi, 101-108, 183; vii, 203.

note on, vii, 235.

tympaniticus, vi, 185.

Platinum, solubility of, in hydrochloric acid,

iii, 199.

Platychirus cha?topodus, iii, 231.

ciliatus, iii, 247.

hyperboreus, iii, 231.

palmulosus, iii, 231.

peltatus, iii, 231.

Platycnema, iii, 143.

Platygonus alemanni, iii, 24.

bicalcaratus, iii, 24.

compressus, iii, 24.

condoni, iii, 24.

restoration of, iii, 23.

Platygonus striatus, iii, 24.

vetus, iii, 24.

zeigleri, iii, 24.

Platypeza abscondita, iii, 205.

anthrax, iii, 145, 205.

barbata, iii, 207.

boletina, iii, 149.

calceata, iii, 144.

cinerea, iii, 146, 150.

egregia, iii, 146, 150.

flavicornis, iii, 145.

obscura, iii, 145.

ornatipes, iii, 143, 207.

pallipes, iii, 145.

pulchra, iii, 144.

pulla, iii, 205.

rectinervis, iii, 207.

superba, iii, 207.

teeniata, iii, 145, 149.

unicolor, iii, 205.

umbrosa, iii, 145, 148.

velutina, iii, 143, 205.

Platypezida?, iii, 143, 205.

Platystoma lunulata, ii, 165.

Platyura pulchra, ii, 59.

gracilis, ii, 60.

notabilis, ii, 59.

Pleasanton shales, iii, 274, 275, 286, 293, 295,

302, 305.

coal in, iii, 302, 305.

Plesiosaurs, Cretaceous, iii, 2.

Plesiosaurus gouldii, vi, 57.

Plioplatecarpus, i, 28.

Pluperfect, the aoristic, vii B, 79.

the descriptive, vii B, 75.

Pogonodon, sp., iii, 173.

Pollen mother cells of Asclepias cornuti, be-

havior of kinoplasm and nucleolus in

division of, vii, 77.

PoUicipes haworthii, vi, 188.

Polymorphomyia, ii, 165.

Polygons, construction of, with the hyperbolic

spiral instrument, vii, 168.

Pomacera, 1, 102.

Portheus, vii, 22, 115.

lowii, vii, 24.

Porzana jamaicensis, iii, 131.

Posidonomyal pertenuis, n. sp., viii, 127.

recurva, n. sp., viii, 126.

Pottawatomie and Douglas formations along

the Kansas river, the, ix, 234.

Power of a twelve-foot windmill, vi, 191.

Preliminary notice of the Meek and Marcou
section at Nebraska City, Neb., with the

Kansas Coal Measures, vii, 231.

Preliminary description of seven new species

of fish from the Cretaceous of Kansas,

vii, 191.

Prentis, Noble, i, 71.

Presents, perfects, and futures, vii B, 89.

Preservatives, action of salicylic acid and cal-

cium sulfite in the preservation of cider,

vi A, 111.

Providence, municipal government of, i, 196.
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Progress and activity of society dependent

upon abundance of food supply, vii B, 28.

Projective groups of perspective collinea-

tions in the plane, v, 1.

Projective transformations, canonical forms

of, vii, 132, 140.

continuous groups of, treated synthetic-

ally, iv, 71, 243.

continuous groups of, v, 81.

essential parameters of, vii, 125, 126.

normal forms of, vii, 125.

of the plane, five types of, viii, 43-59.

t\ pes of ( plate), vii, 127.

types of, vi, 63.

Protosophyrsena bentonia, vii, 27.

Cretaceous species of, vii, 29.

gigas, n. sp., viii, 110.

recurvirostris, vii, 191.

sp. nov., vii, 28.

Protoparce Carolina, ii, 52.

clypeus, ii, 52.

gen!t of, ii, 52.

mandibles of, ii, 53.

occiput of, ii, 53.

pilifers of, ii, 55.

post genfe of, ii, 54.

Prothorax of butterflies, a study of the, iii, 137

Protochoerus prismaticus, iii, 24.

Protostega, iii, 10.

Psendogonia, iii, 179.

Pseudo-germinal vesicle stage in Scolopendra,

X, 64.

Pseudomonotis from the Upper Coal Measures

of Kansas, viii, 79.

hawni, viii, 83.

hawni equistriata, n. var., viii, 82.

1 robusta, n. sp., viii, 82.

(1) tenuistriata, n. sp., viii, 81.

Psendo-perna, n. gen., viii, 95.

attenuata, n. sp., viii, 97.

orbicularis, n. sp., viii, 97.

rugosa, n. sp., viii, 96.

torta, n. sp., viii, 96.

Psilopa aciculata, vi 4.

metallica, vi, 4.

nigrimana, vi, 4.

Psilopus, ii, 50.

character of, ii, 47.

name preoccupied, ii, 48.

bicolor, ii, 48.

filipes, ii, 48.

scintiUans, ii, 48.

tener, ii, 48.

Psilopina?, new genera and species of, ii, 47.

table of genera, ii, 48.

Psychidw, scales of, iii, 85, 86.

Pteranodon, ii, 79; vi, 35.

pubis of, i, 4.

species of, i, 1.

skull of, i, 3.

umbrosus, vi A, 38.

Pteranodontina-, i, 12.

Pterodactyls, Kansas, i, 1.

Kansas, part II, ii, 79.

Pterodactylus, i, 8, 11.

Pterosauria, vi, 36. ^

classification of, i, 12.

Pterycollasaurus, iii, 166.

Puccinia coronata, i, 126.

graminis, hosts of, i, 132.

number of species on grasses, i, 124.

phragmitis, i, 125.

rubigo-vera, hosts of, i, 132.

Puccinias, effects of, i, 130.

Pumping power of windmills, theoretical and
measured, iv, 93.

Pyromorphidse, scales of, iii, 88, 89.

Q.

Quartics, basal points of a system of, i, 66, 69.

critic centers of a system of, i, 66, 68.

nodal bicuspidal, i, 59, 62,

tricuspidal, i, 62, 65.

trinodal, i, 56, 59.

with a triple point, i, 65, 66.

R-

Rainfall in Kansas, iii, 117, 218.

"Raise" debates on the meaning of, in the

constitution, ii, 188, 193, 207, 210.

Range and distribution of the Mosasaurs, with

remarks on synonymy, vi, 177.

Ratio of limestone to shales and sandstones,

iii, 279.

Reaumuria, iii, 177.

Rectification of arcs with hyperbolic spiral

instruments, vii, 169.

Reformatory at Elmira, N. Y., i, 160.

Reformatory at Hutchinson, i, 160.

Reformatory inmates, biographical statistics

of, i, 166.

Reform school at Topeka, i, 160.

Refractive index of clearing and mounting

media, vii, 197.

Registry of criminals, system of, i, 173.

Regular polygons, construction of, by means of

hyperbolic spiral instruments, vii, 168.

i Relative sentences and clauses, coordinate (in

Caesar's Commentaries), vii B, 101.

Relative value of limestone, sandstone and

shale for stratigraphic work in Kansas,

ii, 102.

Responsibility for financial legislation, effect

of business methods of Congress on, ii,

221.

rendered ineffectual by present methods,

ii, 223.

reforms suggested to secure, ii, 226.

Responsibility, the tone of literature and the

writer's, vii B, 39.

Restoration of Kansas Mosasaurs, vi, 107.

Restoration of Oreodon culbertsonii Leidy,

vi, 13.

Restoration of Ornitliostoma, vi, 35.

Results of an examination of Tacitus and Sal-

lust on sequence of tenses, vii B, 108.

Rhabdomesou in America, occurrence of the

bryozoan genus, ix, 173.
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Rhabdopselaphus, iii, 42.

Rhadiurgus leucopogon, ii, 75.

Rhagoletis pomouella, ii, 164, 165.

zepliyria, ii, 164.

Rhaphidolabis debilis, ii, 62.

Riiaphiomidas, mouth-parts of, i. 111.

acton, i. 111, 112.

Rhedia, iii, 177.

Rhingia nasica, i, 37; iii, 240.

Rhinochelys, iii, 8.

Rhynchogonia, iii, 189.

Riley, C. V., i, 39.

River waters, comparison of, iii, 99.

comparison of mineral constituents in

water of Kaw valley, iii, 98.

Robert Langley, name, vii B, 25.

Robinett flags, named, ii, 108.

Roulette, instantaneous center of, i, 90.

limacon as a, i, 89.

Ruins in Scott county, Kansas, some prehis-

toric, vii B, 109.

Russians in Kansas, iii, 159, 161.

Sacrum of Morosaurus, vii, 173.

Sageuodus, a new species of, from the Kansas
Coal Measures, viii, 175.

copeanus, n. sp., viii, 178.

Salicylic acid and calcium sulfite as preserva-

tives of cider, vi A, 211.

Salmon, reference to higher plane curve of,

i, 48, 58, 60, 70, 89.

reference to conic sections of, i, 50.

Sands of the Kansas river valley, iv, 125.

SaprolegnieiP, material for the study of, vii,

112.

Sapromjza bipunctata, vi, A, 11.

contigua, vi, 9.

exul, vi, 11.

geminata, vi, 9.

lupulinoides, vi, 11.

macula, vi, 9.

picrula, vi, 10.

rubescens, vi, 9.

xanthiceps, vi, 9.

Sarcophagae, vii, 208, 209.

Sarcophaga cimbicis Town, vii, 206.

hunteri, n. sp. Hough, vii, 207, 209, 210.

Sarcophagidw, vii, 206.

Saurocephalidpe, vii, 21.

Saurocephalus, vii, 22, 177.

dentatus, vii, 25.

species of, vii, 186.

Saurodon, vii, 22.

ferox, vii, 183.

leanus, vii, 177.

notes on the genus and allied species,

vii, 177.

species of, vii, 186.

xiphirostris, vii, 178.

Saurodontiilw, vii, 21.

Saurodontidee Cope, remarks on, viii, 107.

Scandinavian sett'ements in Kansas, iii, 159,

161.

Scales, absence of, in Coleoptera, iii, 74.

in Heliconidte, iii, 75.

in Hemaristhysbe, iii, 74.

in Luna, Promethea, iii, 74.

in Sesiidae, Zygpenidse, iii, 73.

arrangement of, in Callidryas eubule,

Grapta interrogationis, Lycaenidae, Mor-
pho, Papilio, iii, 48.

coloration in Arachnis picta, iii, 71, 72.

Epicallia, Euprepia, Halesidota ar-

dentata, iii, 72.

Lycaena, Micropteryx, Morpho, iii, 70.

cups of insertion of, in Casina, Erebus
strix, Eudamus tityrus, Micropteryx

unimaculella, Morjaho, Pieris protodice,

iii, 49.

of body of, Chaerompa, Megalopyge, Phy-

lampelus, Sphingidae, iii, 75.

of Lepidoptera, absence of, iii, 73.

arrangement of, iii, 47, 48.

body scales, iii, 75.

coloration by, iii, 69.

comparison of, in Coleoptera, iii, 74,

development of, iii, 63, 64.

functions of, iii, 54, 57, 76.

histology of, iii, 51.

ornamental, iii, 68.

pedicels of, iii, 50.

shape of, iii, 47.

significance of development of, iii, 67.

specialization of, iii, 64, 65.

striae of, iii, 51, 52.

structure, iii, 52, 53.

taxonomic value of, iii, 45, 79.

variation of, iii, 53, 54.

shape and size of, in Lepidoptera, iii, 46,

in Callidryas eubule, iii, 47, 48.

Castnia, Micropteryx, Morpho, iii, 47.

specialization in Actias luna, iii, 68.

in Citheronia regalis, iii, 69.

in Gloveria, iii, 65.

in Heliconia, iii, 67.

in Prionoxystus robiniw, iii, 64.

in Saturnia carpini, iii, 63.

in Tolype, iii. 66.

stria' of Callidryas eubule, iii, 52.

Castnia, iii, 53.

Danais archippus, iii, 51.

Hepialus, iii, 52.

Lycomorpha constans, iii, 52,

Micropteryx, iii, 70.

Morpho, iii, 51.

Nomophila, iii, 52.

variation in Actias luna, Danais archip-

pus, Megalopyge crispata, Micropteryx,

Tolype velleda, iii, 53.

Scatella obscura, vi, 5.

stagnalis, vi, 5.

Scholar in politics, the duty of, v, 55.

Schools in a foreign tongue in Kansas, iii, 162.

Scientific publications by members of the

University of Kansas, bibliography of,

viii, 13S; x, —

.

Scotch settlements in Kansas, iii, 162.
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Scolopendra, notes on spermatocytes and

spermatids of, x, 61, 76.

accessory chromosome in, x, 71.

apical point in spermatocytes of, x, 66, 67,

budding of nucleus in, x, 68.

formation of itomere in, x, 68.

origin of axial filament in, x, 70-74.

pseudo-germinal vesicle stage in, x, 64.

structure of testes of, x, 62.

Scott county, Kansas, some prehistoric ruins,

vii B, 109.

Secretary of the treasury forced to make reg-

ular reports, ii, 185.

Selasoma tibialis, iii, 192.

Semi-arid Kansas, iii, 209.

Semper, Carl, quoted, iii, 62.

Senate declines to originate a tariff bill, ii,

192.

attempts to originate general appropria-

tion bill, but fails, iii, 194.

Sense of taste, comparison of the results in

the case of tests on Indians and on

whites, iii, 97.

Sequence, exceptions to, vii B, 96.

Sequence feeling, the proof of a, vii B, 103.

Sequence offenses in Latin, the, vii B, 57.

Sericomyia militaris, i, 37; iii, 242.

Servant-girl problem, iv, 31.

Setaria glauca, i, 123.

viridis, i, 129.

Settlements, foreign, in Kansas, i, 71.

Sexes, delicacy of the sense of taste in the dif-

ferent, compared, ii, 97.

Shales, origin of, iii, 285, 286.

Cherokee, iii, 272-309.

Lane, iii, 277.

Lawrence, iii, 277-295.

Osage City, iii, 278-305.

Pleasanton, iii, 274-305.

Thayer, iii, 275-305.

Sheldon, E. S., i, 137.

Sialia arctica, iii, 135.

Sironectes, iii, 168.

Skeat, W. W., vii B, 1, 8, 11, 12, 20.

Skin of Tylosaurus, vi A, 97,

Slosson, E. E., i, 137.

Smith, J. B., i, 39, 40.

Smut on corn, i, 126.

Snow, F. H., i, 39.

Snowia, i, 119; vi, 12.;

rufescens, i, 120.

Soderstrom, E. E., i, 137.

Sodium, eti'ect of magnetism upon the spectral

lines of, vi, 77.

Solanum carolinense, ii, 161.

Solenomya parallela, n. sp., viii, 131.

trapezoides, viii, 132.

Somphospongia, n, gen., viii, 128.

multiformis, n. sp., viii, 128.

Some new cirriped crustaceans from the

Niobrara Cretaceous of Kansas, vi 187.

Sound, experiments in judging the direction

of, vii, 9.

Spallanzania, iii, 177.

Sound, experiments in judging the distance of,

vii, 1.

South American Muscidoe in the collection of

S. W. Williston, ix, 203.

Spartina cynosuroides, i, 125.

stricta, i, 125.

Spathichira, ii, 23.

funditor, ii, 23.

pulchrimana, ii, 23.

Special senses, delicacy of, ii, 85.

Spectral lines of sodium, effect of magnetism
upon, vi A, 77.

Spermatids of Scolopendra, x, 68-71.

Spermatocytes of Scolopendra, x, 63-68.

Spermatogonia! divisions in Brachystola

magna, ix, 135.

Sphserophoria cylindrica, i, 37 ; iii, 239.

Sphecorayia vittata, iii, 247.

Sphingidae, iii, 141.

Sphinx ligustri, mouth-parts of, ii, 55.

Sphiximorpha Rond, vi, 146.

Spilomyia kahli, iii, 245.

liturata, iii, 245.

quadrifasciata, i, 38.

Spilographa, ii, 162.

electa, ii, 161, 162.

Spirifer cameratus Morton, variations of ex-

ternal appearance and internal charac-

ters, vii, 103.

Spooner library, heating plant of, vii, 149.

Spogostylum, iii, 43.

Squama, vi, 187.

lata, vi, 188.

spissa, vi, 187.

Statistics of American cities, bibliography, i,

185.

biographical, of reformatory inmates, i,

166.

Stegana, vi, 12.

Stein, Paul, vii, 209.
^

Steinerian, the, in geometry of one dimension,

iii, 103.

Stibasoma theota?nia, iii, 194.

Steiner, a theorem due to, i, 70.

' Stenoprosopus arizonensis, ii, 76.

Stictocephala, ii, 170.

Straight line, involutoric transformations of,

iv. 111.

Stramentum, vi, 188.

haworthi, vi, 188.

tabulatum, vi, 189.

Stratigraphy of eastern Kansas, resume of, ii,

126.

of the McCann sandstone, ix, 175.

of the Freeze-out Hills of Wyoming, ix,

109.

of Cherokee shales, iii, 272.

of Coal Measures, iii, 271.

resume of coal beds of, iii, 305.

Stratigraphic work, relative value of lime-

stone, sandstone and shales for, ii, 102.

Straussia longipennis, ii, 159.

varieties of, ii, 159-161.

Strawn limestone, named, ii, 110.
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Street-paving problem in Kansas, present

status of tlie, ii, 27.

Stygeropis bergrotbi, ii, 64.

Stylogaster, tbe American species of, i, 120.

Stryclinine, action of sulfuric acid on the sepa-

ration of this alkaloid from organic mat-
ter, vi A, 205.

Subgroups of liGj (ABCD) with invariant

family of cones, x, 37.

with invariant family of ruled surfaces,

X, 38.

with invariant family of quadric surfaces,

X, 42.

with invariant family of quadric cones,

X, 42.

whose path-curves are conies, x, 43.

whose path-curves are twisted cubics,

X, 44.

Subgroups of types VIII, IX, XI, in hGaCABCl)
of type II, X, 90.

VI, VII, X, in hGa (ABCl) of type II, x, 91.

VIII, IX, VII, X, in eGa (ABCl) of type II,

X, 92.

VII, X, in G3 (ABU') of type III, x, 96.

IX, XI, in G3 (ABll') of type III, x, 95.

XIII, XII, VII, in G4 (ABpl) of type IV,

X, 98.

XIII, XII, VII, in Ge (Apl) of type V, x,

100, 105.

Subgroups of G3 (ABll') with transcendental

invariant surfaces, x, 94.

of G3 (ABU') with invariant quadric sur-

faces, X, 95.

of Ge (Apl) of type V, x, 100.

Subjunctive constructions, some developed,

V B, 86.

Summary of results on sequence of tenses,

vii B, 95.

Summary of results upon spermatocytes and
spermatids of Scolopendra, x, 74-76.

Supplementary list of N. A. Syrphidse, iii, 249.

Sympycnus, table of species, ii, 153.

frontalis, ii, 153.

lineatus, ii, 153.

nodatus, ii, 153.

occidentalis, ii, 153.

tertianus, ii, 153.

Syritta pipiens, i, 38, iii, 245.

Syrphus amalopsis, iii, 247.

americanus, i, 37; iii, 236,

arcuatus, i, 36; iii, 232.

creper, iii, 234.

digregus, iii, 233.

disjectus, i, 36; iii, 234.

intrudens, iii, 232.

montivagus, opinator, iii, 236.

notes and description of, i, 33.

pauxillus, i, 37; iii, 247.

puUulus, iii, 237.

ribesii, i, 37 ; iii, 235.

ruficauda, i, 36; iii, 234.

sodalis, iii, 247.

umbeUatarum, i, 37; iii, 237.

Systropus, iii, 42.

Syrphidae, new species of, vi, 137.

list of N. A., iii, 249.

of Colorado and New Mexico, iii, 215.

Tabanus festivus, iii, 195.

importunus, iii, 195.

leucaspis, iii, 195.

modestus, iii, 195.

quadripunctatus, iii, 195,

nigrum, iii, 195.

unicolor, iii, 195.

Tabanidw, exotic, iii, 189.

Tachinida?, vii, 206.

fissicorn, iv, 171.

Teeniopteris coriacse, x, 2.

coriacfe, var. linearis, n. var., x, 3.

newberriana, x, 4.

sp., X, 5.

interneural bodies on fronds of, x, 5.

other species of, x, 7.

scars on or near the rachis of, x, 9,

Talarocera nigripennis Wied., iv, 171.

Tapinocera, i, 102.

Taste, delicacy of, among Indians, ii, 95.

method of testing the delicacy of, 11, 95.

Taxation in Kansas, viii B, 19.

Taxonomic value of the scales of Lepidoptera,

iii, 45.

Tecumseh limestone, iii, 278.

Teeth from the Kansas Cretaceous, some fish,

ix, 27.

Temnostoma aequale, iii, 247.

Temperature sense, the, iii, 201.

Tenses in sequence, the remaining, vii B, 91.

Tenses of repeated action depending on simi-

lar tenses, vii B, 87.

Tephritisaffinis, ii, 172.

albiceps, ii, 173.

flnalis, ii, 172.

obscuripennis, ii, 174.

picturata, ii, 173.

Tephromyia, vii, 207, 209.

affinis Fall., vii, 209, 210.

grisea Meig., vii, 209.

lineata FaU., vii, 209, 210.

obsoleta Fall., vii, 209, 210.

Terminology of spermatogenesis of myria-

pods, X, 61.

Tertiary, Loup Fork, ii, 289.

Pliocene, ii, 289.

of Kansas, iii, 216.

Testes of Scolopendra, structure of, x, 62.

Tests of windmills, vi, 89.

Tetracaulodon (Tetrabelodon) shepardiiCope,

viii, 99.

Tetrad formation in spermatocytes of Scolo-

pendra, X, 73.

Thayer shales, iii, 276, 295. 302, 305.

Theory of compound curves in railroad en-

gineering, V, 99.

The spermatocyte divisions of the Acrididee,

ix, 73.

Therevidee, mouth-parts of, i, 14.
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Three-parameter subgroups of Gi (ABpl) of

type IV, X, 97.

of Ge ( Apl ) of type V, x, 100, 104.

Thucydides, composition of verbs with prepo-

sitions in, V, 119.

Tin, the detection of arsenic, antimony, and,
ix, 259.

Tolmerus callidus, ii, 75.

notatus, ii, 74.

Topeka limestone, iii, 278.

Topography of eastern Kansas, ii, 120.

Toxochelys latiremis, vii, 201.

Toxotrypana curvicauda Qerst., iv, 117.

Townsendia minuta, n. sp., iv, 108.

gen. nov. ( Asilida? ), iv, 107.

Townsend, reference to modern geometry of,

i, 47.

Transactions American Entomological So-

ciety, 1, 40.

Kansas Academy of Science, i, 85.

Triassic of Kansas, iii, 216.

Trichoptera, scales of, iii, 58, 59, 61.

Tricloninee, i, 105.

Triclonus, 1, 10», 106.

bispinifer, mouth-parts of, i, 113.

Triodonta curvipes, iii, 247.

Triplasius, iii, 42.

Tripsacum dactyloides, i, 123.

Triptotricha, iii, 263.

Triptogon modesta, genfe of, ii, 52.

clypeus of, xii, 52.

gula of, ii, 54.

labium of, ii, 57.

maxillae of, ii, 57.

Trisection of an angle, ii, 35.

Tropidia iacana, iii, 244.

Trypeta, sp., ii, 163.

sequalis, ii, 171.

florescentiw, ii, 163.

occidentalis, ii, 163.

palposa, ii, 159, 162, 163.

Trypetidie, North American, descriptions of,

with notes, ii, 159.

Turtle, Cretaceous, iii, 2.

a new, from the Benton Cretaceous, iii, 5.

remains from the Fort Pierre, vii, 201.

Tylosauridee, iii, 169.

Two new species of Asilids from New Mexico,
vi, 103.

Two new crinoids from the Kansas Carbon-
iferous, ix, 21.

Two-parameter subgroups of hGs (ABCD)
X, 37.

of G3 (ABCl) of type II, x, 92.

of G3 (ABU') of type III, x, 94.

of G4 (ABpl) of type IV, x, 97.

of Ge (Apl) of type V, x, 100, 105.

Tylosaurina", vi, 180.

Tylosaurus, vi, 109, 182.

extremities of, vi, 97.

proriger, vi, 102.

Types of projective transformations in the

plane and space, vi, 63.

Types of projective transformation of the

plane, viii, 43.

16-K.D.Qr. A-x4

U.

Uintacrinus socialisGrinnell, notes on, iii, 19.

Underflow in western Kansas, iii, 121.

Unicursal curves by methods of inversion, i,

47.

quartics, Cayley's method for, i, 57.

Universal drawing curve, vii, 172.

University of Kansas, bibliography of scientific

publications by members of, viii, 138.

Upper Carboniferous, the, in southern Kansas,
vi, 149.

Uromyces graminicola, i, 125.

spartinse, i, 125.

Ustilago zeae-mays, effects of, 1, 130.

hosts of, i, 132.

mycelium of, in tissues of zeee-mays, i, 124.

V.

Vertebrate remains from the lowermost Creta-

ceous, iii, 1.

Visual perception of distance, v, 109,

Volucella anna, iii, 240.

apicifera, iii, 241.

avida, iii, 241.

comstocki, iii, 240,

esuriens, iii, 240.

facialis, iii, 240.

fasciata, i, 41 ; iii, 241.

haagii, iii, 241.

isabellina, iii, 241.

obesa, iii, 241.

satur, iii, 241.

tau, iii, 241.

victoria, iii, 247.

W.

Waconda spring, i, 85.

War expenditures, v, 76.

War spirit, causes of a rising, v, 71.

Water, Louisville mineral, vi, 117.

Waters of the Kaw river and its tributaries,

chemical examination of, iii, 91.

Well irrigation in western Kansas, iii, 126.

.Welsh settlements in Kansas, iii, 161.

Wheat, number of parasites of, i, 123.

Wheat starch as an adulterant of buckwheat
flour, vii, 38.

.Wheatstone's bridge, alternating currents in,

vii, 31.

White arsenic, microscopic comparison of sam-
ples of, ix, 255.

Williamson, reference to calculus of, i, 89, 90.

Windmills, power of twelve-foot, vi, 191.

results of tests of, vi, 89.

theoretical and measured pumping power
of, iv, 93.

for raising water, iii, 127.

Wind velocity at Dodge City, iii, 118.

Word-list, dialect, i, 95, 137.

Wycoff limestone, named, ii, 111,

Xanthogramma habilis, iii, 238.

Xcrobates? undata, skull of, vii, 143.
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Xiphactinus Leidy, a preliminary description

of the opercular and other cranial bones

of, viii, W.

individual variations in thegenus, vii, 115.

Xiphactinus audax, vii, 119.

brachygnathus, n. sp., viii, 107.

molossus, vii, 115.

thaumas, vii, 115,

Xylota analis, iii, 241.

coloradensis, iii, 247.

ejuncida, iii, 245.

flavitibia, iii, 244; i, 38.

Xylota metallifera, iii, 247.

notha, iii, 247.

pigra, iii, 247.

Y.

Yellow helium line, note on, viii, 85.

Yoldia glabra, n. sp., viii, 133.

Z.
Zenochfetta, ii, 166.

dichromata, ii, 166.

Zoospores of Algie, apparatus for the study of,

vii, 112.
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Have You Read
These Books?

They are devoted to the wonderful sights
and scenes and special resorts of tourists
and healthseekers in the Great West.
Though published by a Railway Com-

pany,

Tie Santa Fe Roite,

they are literary and artistic produc-
tions, designed to create among travelers
a better appreciation of the attractions
of our own country.
Mailed free to any address on receipt

of postage, as indicated :

"The Moki Snake Dance," 56 pp., 64
illustrations. 3 cents.

"Grand Canon of the Coloeado Riv-
er," 23 pp., 15 illustrations. 2 cents.

"Health Resorts of New Mexico,"
80 pp., 31 illustrations. 2 cents.

" Health Resorts of Arizona," 72 pp.,
18 illustrations. 2 cents.

" Las Vegas Hot Springs and Vicin-
ity," 48 pp., 39 illustrations. 2 cents.

"To California and Back," 176 pp.,
176 illustrations. 5 cents.

W. J. BLACK,

G. P. A., A. T.& S. F. RY.,

TOPEKA, KAN.

W. H. SIMPSON,

Advertising Agent,

A.T.& s. F. RY.,

CHICAGO.
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50 YEARS*
ERIENCE

Trade Marks
Designs

Copyrights &c.
Anyone sending a sketch and description may

quickly ascertain our opinion free whether an
Invention la probably patentable. Communica-
tions strictly confldential. Handbook on Patents
sent free. Oldest agency for securing patents.
Patents taken througb Munn & Co. receive

special notice, without charge. In the

Scientific Hmerican.
A handsomely illustrated weekly. I^argest cir-

culation of any scientific journal. Terms, $3 a
year ; four months, $1. Sold by all newsdealers.

MUNN iCo.36'Broadway, New York
Branch Office, 625 F St.. Washington, D. C.

AFTER

GRADUATION

you will need the best possible substi-
tute for your college reading-room; if

you wish to

KEEP
UP TO DATE

current engineering periodicals must be
consulted. The Engineering Index
makes the contents of all the leading
American, British and continental jour-
nals available at a minimum expendi-
ture of time and money. Send for sample
copy and particulars. Mention Kansas
University Quarterly when you write.

The Engineering Magazine,
120-122 Liberty St., New York.
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